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Abbreviations 
 
A        Ampere 
Å       Ångström 
°C        Celsius 
ca.        Circa 
Ca2+       Calcium ion 
C-Terminus      Carboxy-terminus 
DLPC      1,2-dilauroyl-sn-glycero-3-phosphocholine 
DMPC       1,2-dimyristoyl-sn-glycero-3-phosphocholine 
DMSO       Dimethylsulfoxid 
DNA       Deoxyribonucleic acid 
GFP        Green fluorescent protein 
HEK293       Human embryonic kidney cells  
Hz        Hertz (1/s) 
I       Current amplitude 
io       Unitary current amplitude  
i.e.       That means 
K        Kelvin 
K+        Potassium ion 
 Abbreviations 
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kHz       Kilohertz 
M        Molar 
min        Minute 
μl        Microliter 
ml       Milliliter 
mM        Millimolar 
ms        Millisecond 
mV        Millivolt 
M       Megaohm 
n        Number 
nA        Nanoampere 
nS       Nanosiemens 
N-Terminus      Amino-terminus 
P       Pore 
pS       Picosiemens 
s       Second 
S1-S6      Transmembrane helices 
Vcmd (U)      Command or pipette potential  
Vpatch       Transmembrane or holding potential 
WT       Wild type  
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Summary 
 
Gating mechanisms are remarkably diverse among TRP (transient receptor potential) 
channels. Members of this family of cation-selective channels are polymodal receptors. 
TRP channels transduce and integrate a variety of chemical and physical stimuli, 
including voltage, temperature, Ca2+, pH, pressure, osmolarity, and lipids. In contrast to 
voltage-gated ion channels where the course of channel activation culminating in pore 
opening has been resolved in great detail, there is currently a scarcity of molecular 
information on voltage-independent gating of TRP channels. The aim of the present 
study was to gain insight into molecular events governing voltage-independent gating of 
TRP channels. Therefore, single-channel experiments were conducted to gain 
mechanistic insight into ligand activation of TRPM2 compared with TRPM8, and 
furthermore into activation of TRPA1 initiated by mechanical force. Three approaches 
were pursued:  
1. TRPM2 and TRPM8 represent the closest relatives within TRP family, however, they 
are gated by completely different stimuli. TRPM2 is activated in a voltage-
independent way by ADPR binding to the NUDT9-homology domain. TRPM8 is the 
cold and menthol receptor and a voltage-gated channel. The transmembrane 
segments S5 and S6 of TRPM2 and TRPM8 are highly conserved, and that more 
than the intervening pore sequences. Basic amino acid residues within the putative 
voltage-sensing S4-S5-region of TRPM8 are conserved in TRPM2. Voltage-
independent gating of TRPM2 may therefore result from differences in the pore 
region ranging from S5 to S6 rather than in the S4-S5-region. Chimeras of human 
TRPM2 and TRPM8 were studied in which the S5-pore-S6 region was reciprocally 
exchanged in order to elucidate the role of the pore segment in single-channel gating.  
2. A role of TRPA1 in mammalian mechanosensitivity has been suggested in behavioral 
studies and from experiments with sensory neurons. Therefore, voltage-independent 
gating of human TRPA1 was studied by means of mechanical activation in an 
expression model (HEK293 cells) and in native non-neuronal cells (WI-38 
fibroblasts). The influence of Ca2+ and membrane/cytoskeleton interaction on 
mechanosensitivity of TRPA1 was analyzed in more detail in cell-attached and 
inside-out configuration. A functional connection between mechanical stretch and 
influx of Ca2+ via TRPA1 was furthermore tested using a pore mutant of TRPA1 with 
strongly reduced Ca2+ permeability (D915A). 
3. Single-channel analysis relies on unambiguous identification of protein-related 
current events against background leakage. In protein-free lipid membranes, a large 
increase in permeability occurs during the chain melting transition of the lipid 
bilayer. In order to distinguish voltage-independent gating of TRP channels from 
bilayer-related leak currents, single-channel recordings from human TRPM2, 
TRPM8 and TRPA1 were compared with current recordings from protein-free lipid 
membranes driven into the melting transition by voltage.  
 Summary 
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The following results were obtained; allowing the following conclusions: 
Ad 1. For TRPM2, characteristic single-channel properties such as open time, open 
probability and conductance were independent of the two pore domains tested, 
suggesting that processes outside of the pore determine voltage-independent 
channel gating initiated by ADPR. At strongly hyperpolarized membrane 
potentials, pore chimera M2M8P (TRPM2 with the pore region of TRPM8) 
showed a stabilization of the closed state, reminiscent of voltage-dependent 
gating behavior seen with TRPM8. In contrast, TRPM8 activity was drastically 
impaired after pore exchange, pointing towards a coupling of the putative 
voltage sensors to specific structures in the pore, a coupling which is 
indispensable for channel function. The following conclusions were drawn: 
Voltage sensitivity of S4-S5 region does not contribute to TRPM2 gating in 
wild-type channels. No specific pore sequence is required for voltage-
independent gating of TRPM2 by ADPR. These findings allow the following 
speculations: Spontaneous mutation of the pore section of TRPM2 might change 
voltage-independent gating into voltage-dependent gating. This property might 
in turn allow for the diversity of activation scenarios found in the family of TRP 
channels. 
Ad 2. In the cell-attached configuration, TRPA1 was gated in a voltage-independent 
way by membrane deformation in synergy with Ca2+. The current response to 
mechanical stimulation was strongly increased when Ca2+ was present on the 
extracellular side of the membrane. However, in inside-out patches, when the 
constraining effect of the cytoskeleton was absent, mechanical activation of 
TRPA1 occurred in the absence of Ca2+ and faster than in cell-attached 
experiments. Pore dilation of TRPA1 and of channel mutant D915A having a 
strongly reduced Ca2+ permeability demonstrated that mechanical stress is the 
primary stimulus to gate TRPA1, allowing for subsequent Ca2+ influx and signal 
amplification. In conclusion, these results establish TRPA1 as a mechanosensor 
channel that acts cooperatively with Ca2+ and this way integrates painful 
mechanical stimuli with other noxious signals. 
Ad 3. When driven into the chain melting transition by voltage, protein-free lipid 
bilayers display a wide spectrum of ion channel-like events, including current 
steps, bursts, spikes, flickering and multi-step openings. In contrast, voltage-
independent gating of TRP channels is characterized by “fingerprint” openings 
of typical conductance and lifetime which are absent under control conditions. 
On the basis of short current traces, no easy decision can be made whether 
quantized currents originate from a channel protein or from a pure lipid 
membrane. In conclusion, electrical properties of lipid bilayers may contribute to 
the excitability of cells and may broaden our view on how channel proteins 
provide signal transduction. 
Summary 
                                                                                                                                         10 
Taken together, these findings contribute to a better understanding of the molecular 
mechanisms associated with voltage-independent gating of TRP channels. Establishing 
a definitive role of human TRPA1 as a direct mechanogated ion channel tuned by Ca2+ 
expands our knowledge about polymodal sensitivity within the TRP family. This paves 
the way for elucidating TRP channel regulation in normal cell functioning and under 
pathophysiological conditions, thereby leading to the development of novel therapeutic 
options.  
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1 Introduction 
 
Membrane permeability has to be regulated in a strict manner to preserve the resting 
potential of the cell and ensure timely coordinated signal transduction. Ion channel 
proteins have evolved to selectively regulate the flow of ions across the cell membrane, 
permitting the passage of certain ions while excluding other species. These highly 
efficient nanomachines allow for transport rates of 106-108 ions per second (Hille, 
2001). Ion channels are key players in sensory perception and fertility. They have a 
pivotal role in synaptic transmission, cell volume regulation and in excitation-
contraction coupling of heart and skeletal muscle. Ion channels are generators of 
oscillations and a major class of drug targets.  
 
In addition to their selectivity, ion channels are functionally characterized by their 
conductance, ligand activation, mechanosensitivity, temperature- and voltage 
dependence. The patch-clamp technique is an established method for the study of ion 
channels (Hamill et al., 1981). Activity of ion channels under a patch is seen as a 
sequence of stochastic openings and closings displaying a unitary current amplitude. 
Deviating from repetitive behavior, channels can show inactivation, mode switching, 
and subconductance states (Hille, 2001). On the single-channel level, statistically 
obtained parameters like mean open time, mean closed time and open probability are 
used as a biophysical fingerprint of channel gating. 
 
The gating kinetics of an ion channel is usually described by a state diagram, 
representing transitions between closed and open states (Fig. 1). Ion channel gating 
involves conformational changes of the channel protein resulting in opening and closing 
of the ion-conducting pore (Hille, 2001). The open-state current is typically on the order 
of pA, with open times in the range of milliseconds. Stepwise conductance changes are 
considered as signature for a channel-based mechanism. 
 
 
 
 
 
 
 
 
Fig. 1  Gating of an ion channel. Patch-clamp recording showing current switching between two 
conductance states of a single ion channel. Deviations from baseline (closed state, C) are 
channel openings (open state, O).  
C 
O  C         O 
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1.1 The familiy of TRP channels 
 
Research in the TRP field started in 1969 with the isolation of a Drosophila mutant with 
defective vision. In photoreceptors, the trp gene mutation leads to a “transient receptor 
potential” under constant illumination (Cosens and Manning, 1969; Montell and Rubin, 
1989). Direct evidence that the Drosophila TRP protein functions as a Ca2+ permeable 
channel in vivo was provided by Liu et al., 2007. A mutation introduced in the 
selectivity filter of TRP at the position of Asp621 resulted in drastically reduced Ca2+ 
permeation in Drosophila photoreceptor cells. Furthermore, biophysical properties such 
as pore diameter and single-channel conductance were altered in the Asp621 mutant, 
presenting compelling evidence that the TRP protein forms a cation permeable pore.  
 
Besides its contribution in vision in Drosophila, the TRP channels have many other 
functions in many species. The trp family of genes is conserved from worms to humans 
(Wes et al., 1995). Based on amino acid sequence homology, the TRP superfamily can 
be divided into seven subfamilies (Fig.2): TRPC (canonical), TRPV (vanilloid), TRPA 
(ankyrin), TRPM (melastatin), TRPP (polycystin), TRPML (mucolipin), TRPN. About 
30 mammalian TRP channels have been identified, only TRPN is not present in 
mammals (Wu et al., 2010). 
 
 
Fig. 2 Phylogenetic tree of the mammalian TRP protein family. The evolutionary distance is 
shown by the total branch lengths in point-accepted-mutations (PAM) units, which is the mean 
number of substitutions per 100 residues (from Hoenderop et al., 2005). 
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Similarly to voltage-gated potassium channels, TRP channels are assumed to have four 
subunits, consisting of six transmembrane segments (S1–S6) each, a pore region loop 
between S5 and S6 segment and cytosolic N- and C-termini (Clapham, 2003, Yellen 
2002). The number of basic residues found in the voltage-sensing S4 segments of 
classical voltage-gated channels is markedly reduced in TRP channels indicating weak 
voltage sensitivity (Phillips et al., 1992; Wu et al., 2010). 
 
As a hallmark of this large and widespread family of cation-selective channels, gating 
mechanisms are remarkably diverse and most TRP channels can be activated by more 
than a single stimulus. Those polymodal activation properties and the capability of 
stimulus integration allow TRP proteins to function as sensory transducers and sensors 
of the cellular environment (Voets et al., 2005; Clapham, 2003). Besides agonist 
binding, mechano- and voltage sensitivity, redox and covalent modification, TRP 
channels respond to gustatory stimuli, pheromones, osmolarity, pH, and are furthermore 
modulated by Ca2+ and phosphatidylinositol signal transduction pathways (Hardie, 
2011; Wu et al., 2010). In short, all senses depend on TRP channels (Montell, 2011).  
 
A subset of TRP ion channels underlie perception of temperature and pain, including the 
thermo-TRPs expressed in primary sensory nerve terminals (Talavera et al., 2008; Vay 
et al., 2012). Lipidergic substances can directly bind to TRP channels and thus alter 
nociception in nerve terminals (Bang et al., 2010). Unsaturated fatty acids, isoprene 
lipids, diacylglycerol, resolvin, and lysophospholipids modulate activity of sensory TRP 
channels pointing towards a role in peripheral pain mechanisms and inflammation 
(Bang et al., 2010). 
 
In addition to their prime importance for sensory physiology, TRP channels are involved 
in cell death and proliferation, regulation of smooth muscle tone and axonal guidance, 
Ca2+ and Mg2+ homeostasis (Minke, 2010; Hardie, 2011). 
 
Since TRP channels subserve a wide range of functions throughout the body, mutations 
in human TRPs lead to various diseases, including stationary night blindness, 
hypomagnesemia and hypocalcemia, amyotrophic lateral sclerosis and parkinsonism-
dementia, kidney and skeletal diseases, progressive familial heart block type I and 
familial episodic pain syndrome (Nilius et al., 2007;  Montell, 2011). 
 
Further efforts seem to be urgently needed to fully understand TRP channel function and 
to elucidate the plethora of activation mechanisms found in this remarkable family of 
ion channels. 
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1.2 TRPM2 
 
The founding member of the TRPM family is melastatin (TRPM1), a putative tumor 
suppressor protein (Duncan et al., 1998). TRPM proteins have a TRP domain C-
terminal to the transmembrane segments and a large N-terminal TRPM homology 
region of around 700 amino acids with unknown biological function (Wu et al., 2010). 
The C-terminus contains a coiled-coil domain and a second variable region (Wu et al., 
2010). 
TRPM2 is expressed in many cell types including neurons, human -pancreatic islets, 
neutrophils, and insulinoma cell lines. Moreover, TRPM2 is found in bone marrow, 
spleen, heart, liver and lung (Harteneck, 2005). Human genetics linkage analyses 
indicate that TRPM2 may play a role in bipolar disorder (McQuillin et al., 2006). A 
loss-of-function mutation of TRPM2 was found in two related neurodegenerative 
disorders, Western Pacific amyotrophic lateral sclerosis, and parkinsonism/dementia 
(Hermosura et al., 2008). 
TRPM2 encodes a Ca2+-permeable channel with little selectivity among various cations 
(Sano et al., 2001; Perraud et al., 2001). Current-voltage relationship of TRPM2 is 
linear indicating that this channel is not voltage-dependent. Two conserved cysteine 
residues in the putative pore region were reported to be obligatory for TRPM2 channel 
function (Mei et al., 2006). 
The channel, formerly called LTRPC-2, is unique in its activation by ADP-ribose 
binding to a C-terminal domain (NUDT9-H) which shows close homology to the 
NUDT9 motif from a mitochondrial ADPR hydrolase (Perraud et al., 2003; Shen et al., 
2003). ADPR arises from breakdown of -NAD by CD38, or other enzymes acting on 
cyclic ADPR and hydrolysis of ADP polymers by poly-ADP ribose glycohydrolase (Wu 
et al., 2010). Little is known about molecular details of the gating mechanism of 
TRPM2 which is initiated after binding of ADPR, it seems that full enzymatic activity 
of the NUDT9-H domain is not compatible with channel function (Kühn and Lückhoff, 
2004). This leads to the assumption that prolonged binding of ADPR governed by the 
NUDT9-H domain is indispensable for channel gating (Eisfeld and Lückhoff, 2007). 
Extracellular signals that activate TRPM2 include TNF- and hydrogen peroxide as an 
experimental paradigma of oxidative stress, pointing to a role of the channel as a redox 
sensor that mediates susceptibility to cell death (Hara et al., 2002; McNulty and Fonfria, 
2005). 
It was demonstrated that TRPM2 can be activated by exposure to warm temperatures 
(>35°C) apparently via direct heat-evoked channel gating (Togashi et al., 2006). 
Furthermore, TRPM2 current responses were reported to be drastically potentiated by 
the combination of ADPR and H2O2 with heat (Togashi et al., 2008).  Arachidonic acid 
1. Introduction 
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is a further activator of TRPM2 whose mechanism of action has not been elucidated so 
far (Hara et al., 2002). 
Exceptionally amongst TRP channels, TRPM2 current is not blocked by 100 M La3+ 
(Kraft et al., 2004). Specific blockers of TRPM2 are not yet available, but channel 
activity was inhibited by nonspecific blockers such as flufenamic acid (FFA) or the 
antifungal agents clotrimazole and econazole (Hill et al., 2004). 
Channel activity of TRPM2 is intriguingly regulated by Ca2+. The presence of Ca2+ on 
the extracellular side is inevitable for TRPM2 function since removal of extracellular 
Ca2+ after full activation completely and irreversibly abolishes channel activity (Starkus 
et al., 2007). Intracellular Ca2+ ([Ca2+]i) not only facilitates ADPR-induced activation of 
TRPM2, but is required for sustained channel activity since low [Ca2+]i results in 
channel inactivation (Starkus et al., 2007). Cytosolic Ca2+ levels below 100 nM strongly 
accelerate inactivation of TRPM2 irrespective of extracelluar Ca2+ ions (Starkus et al. 
2007). This mechanism seems to be mediated at least in part by the Ca2+-sensitive 
modulator calmodulin (Tong et al., 2006; Starkus et al., 2007). 
Single-channel gating of TRPM2 is characterized by unique long openings with open 
probability of almost unity and a conductance in the range of 60-80 pS (Heiner et al., 
2003; Perraud et al., 2001). A sequential kinetic scheme consisting of two 
interconnected closed states and one open state was employed to describe bursting 
behaviour of TRPM2 in patches excised from Xenopus laevis oocytes (Csanády and 
Törocsik, 2009). In the presence of saturating ADPR, activation of TRPM2 by 
intracellular Ca2+ was described on the single-channel level by the Monod-Wymann-
Changeux (MWC) model with 10 states and four Ca2+ binding sites (Csanády and 
Törocsik, 2009). The rundown of TRPM2 activity in excised patches was found to 
consist of a progressive irreversible decline in the number of active channels rather than 
of a graded decline in open probability (Csanády and Törocsik, 2009). 
1. Introduction 
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1.3 TRPM8 
 
TRPM8 (formerly known as Trp-p8) was originally identified as a messenger RNA 
whose expression was elevated in prostate cancer and in primary tumors of breast, 
colon, lung, and skin origin (Tsavaler et al., 2001). Later on, it was discovered that the 
corresponding protein is the cold and menthol receptor in sensory neurons and it was 
renamed CMR1 (Peier et al., 2002; McKemy et al., 2002). TRPM8 is know classified as 
a member of the “thermoTRPs” that confer thermosensation, a subset of TRP channels 
activated by distinct temperature thresholds in the physiological range from noxious 
cold to noxious heat (Patapoutian et al., 2004).  
TRPM8-deficient mice exhibit strongly diminished cold responses especially in the 
temperature range of innocuous cooling, suggesting that TRPM8-independent 
mechanisms exist for cold sensation (Bautista et al., 2007; Dhaka et al., 2007). In 
prostate epithelium, TRPM8 was reported to function as an androgen-dependent 
channel which is likely involved in the regulation of cell proliferation (Zhang and 
Barritt, 2004). TRPM8 is also expressed in arterial vascular smooth muscle where it 
may regulate vascular tone (Johnson et al., 2009). 
TRPM8 is a non-selective Ca2+-permeable cation channel showing strong outward 
rectification. The permeability for monovalent cations was reported to be Cs+>K+>Na+ 
which corresponds to Eisenman sequence I or II (Peier et al., 2002; McKemy et al., 
2002). Single-channel conductance of TRPM8 is in the range of 40-80 pS (Brauchi et 
al., 2004; Hui et al., 2005). 
TRPM8 is activated by moderately cool temperatures (<23–28°C) and currents can be 
enhanced by natural or synthetic compounds mimicking a sensation of coolness. 
Besides menthol, TRPM8 is stimulated for example by eucalyptol, geraniol, WS-12 or 
icilin (Behrendt et al., 2004). In a two-state gating model, temperature and menthol 
induced channel activation by shifting the voltage-dependent activation curve of 
TRPM8 towards physiological membrane potentials (Voets et al., 2004). Recently, a 
single-channel kinetic model for voltage-, cold- and menthol-gating of TRPM8 with 5 
closed and 2 open states was proposed, showing correlation between short openings and 
long closings and between short closings and long openings (Fernández et al., 2011). 
According to this model, cooling and menthol mimick voltage-dependent activation of 
TRPM8 mainly by increasing the probability of transitions from long closed states to 
brief ones, resulting in an increase in the frequency of channel openings, with a smaller 
increase in the duration of open intervals (Fernández et al., 2011). 
However, mutational analyses indicated that activation by cold and menthol can be 
separated and revealed the involvement of specific amino acid residues in menthol 
sensitivity of TRPM8 (Bandell et al., 2006). Moreover, the two agonists menthol and 
icilin may activate TRPM8 through distinct mechanisms. It was demonstrated that 
1. Introduction 
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icilin, unlike cold or menthol, requires simultaneous elevation of intracellular Ca2+ to 
achieve full efficacy (Chuang et al., 2004). A putative binding site was identified in the 
cytoplasmic loop between transmembrane segments S2 and S3 which is required for 
icilin sensitivity of mammalian TRPM8 but not for channel activation by cold or 
menthol (Chuang et al., 2004). The hypothesis of distinct modes of action is further 
corroborated by the finding that activation of TRPM8 by icilin and cold, but not by 
menthol, is modulated by intracellular pH (Andersson et al., 2004).  
The activity of certain membrane-bound enzymes, e.g. phospholipase A2 (Hønger et al., 
1996) and protein kinase C (Dibble et al., 1996), has been suggested to be controlled by 
structural microheterogenity of the lipid bilayer. Activation of TRPM8 by icilin and 
cold, but not menthol, is dependent on the activity of a sub-type of phospholipase A2, 
calcium-insensitive iPLA2 (Vanden Abeele 2006; Andersson et al., 2007). 
Lysophospholipids (LPLs) produced by phospholipase A2 activity stimulate TRPM8 in 
a membrane-delimited manner (Andersson et al., 2007). Lysophosphatidylcholine, -
inositol and -serine altered the thermal sensitivity of TRPM8, raising the temperature 
threshold toward normal body temperature. In contrast, polyunsaturated fatty acids 
(PUFAs), e.g. arachidonic acid, inhibited the activation of TRPM8 by cold, icilin, and 
menthol (Andersson et al., 2007). Protein kinase C has been demonstrated to 
downregulate TRPM8 function (Abe et al., 2006; Premkumar et al., 2005). In 
conclusion, the function of interfacial enzymes sensing lipid bilayer structure seems to 
be intimately connected with TRPM8 regulation.  
Lipid rafts are specialized regions in the plasma membrane with specific lipid 
composition, enriched in sphingolipids, cholesterol and proteins; they are believed to 
form dynamic assemblies involved in membrane signaling and trafficking (Lingwood 
and Simons, 2010). TRPM8 channels localized into lipid raft microdomains were 
reported to have an altered temperature threshold compared to non raft-associated 
TRPM8, further indicating that the lipid membrane environment modulates cold-sensing 
properties of TRPM8 (Morenilla-Palao et al., 2009).  
TRPM8 activity is positively regulated by PIP2 (phosphatidylinositol 4,5-bisphosphate), 
a minor component of the inner leaflet of the plasma membrane that comprises about 
1% of phospholipids. A role of PIP2 was suggested in channel desensitisation which is 
dependent on the presence of extracellular Ca2+ (McKemy et al., 2002). Rundown is 
prevented by lipid phosphatase inhibitors (Liu and Qin, 2005). It was proposed that Ca2+ 
influx mediated by TRPM8 activates a Ca2+-sensitive phospholipase C (PLC-1) and 
that the subsequent depletion of PIP2 limits channel activity (Rohacs et al., 2005). 
Mutation of conserved positive residues in the proximal C-terminal TRP domain of 
TRPM8 reduced channel sensitivity for PIP2 and increased inhibition by PIP2 depletion, 
indicating that the TRP domain is a PIP2-interaction site (Rohacs et al., 2005). In 
neurons and non-neuronal cells from tissues and inner organs not exposed to 
temperature changes, endogenous lipid modulators such as LPLs and PIP2 may allow 
1. Introduction 
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TRPM8 to operate at physiological body temperatures by raising the temperature 
threshold (Andersson et al., 2007). 
Antagonism of TRPM8 is currently under investigation for the treatment of cold 
allodynia and neuropathic pain (Xing et al., 2007; Gauchan et al., 2009), but 
development of specific blockers has proven to be a demanding challenge.  BCTC, (N-
(4-tertiarybutylphenyl) -4- (3-cholorphyridin-2-yl) tetrahydropryazine -1(2H)-carbox-
amide), a potent blocker of TRPM8 channels, and his derivative thio-BCTC are also 
known to inhibit TRPV1 (Behrendt et al., 2004) and to activate TRPA1 (Madrid et al., 
2006). The antagonist 2-APB (2-aminoethoxy-diphenylborane) blocks serveral other ion 
channels including TRPCs, and has stimulating effects on members of the TRPV family 
(Hu et al, 2004). Capsazepine, a TRPV1 antagonists, was also found to inhibit TRPM8 
(Behrendt et al., 2004), furthermore, it exerts a non-specific activity on voltage-gated 
calcium channels and nicotinic acetylcholine receptors (Docherty et al., 1997; Liu and 
Simon, 1997). The TRPM8 blocker AMTB (N-(3-aminopropyl)-2-{[(3-
methylphenyl)methyl]oxy}-N-(2-thienylmethyl)benzamide hydrochloride salt) was 
reported to be a new therapeutic agent against overactive and painful bladder syndrome 
(Lashinger et al., 2008). Clotrimazole, an antimycotic drug, was shown to activate 
TRPV1 as well as TRPA1, and to inhibit TRPM8 (Meseguer et al., 2008). Finally, the 
novel compound PBMC (1-phenylethyl-4-(benzyloxy)-3-methoxybenzyl(2-amino-
ethyl)carbamate) was shown to selectively block TRPM8 currents, with no side effects 
on TRPV1 and TRPA1. Moreover, PBMC affected body temperature, indicating that 
TRPM8 is involved in thermoregulation (Knowlton et al., 2011). 
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1.4 TRPA1 
 
TRPA1, previously named ANKTM1, is the sole member of the mammalian family and 
has low sequence homology to TRPM8 (Story et al., 2003). Eponym of TRPA1 and 
distinguishing structural feature are the ankyrin-like repeats found in large numbers (up 
to 18) in the long N-terminal domain (Jaquemar et al., 1999). Ankyrin repeats are 
hypothesized to function in protein recognition, furthermore, they may form a gating 
spring in mechanotransduction (Sotomayor et al., 2005; Lee et al., 2006). TRPA1 
mRNA was detected at a very low level in human fibroblasts and found to be absent 
after oncogenic transformation (Jaquemar et al., 1999). TRPA1 protein is expressed in a 
subset of nociceptive neurons of peripheral ganglia (Story et al., 2003; Diogenes et al., 
2007; Brierley et al., 2009), in hair cells and sensory epithelia from the inner ear (Corey 
et al., 2004; Nagata et al., 2005; Stepanyan et al., 2011), and in skin cells (Atoyan et al., 
2009; Kwan et al., 2009).  
 
The polymodal chemosensor TRPA1 is activated by a growing number of structurally 
diverse compounds which include products of signaling cascades involved in 
inflammation, hypersensitivity, and pain perception. A gain-of-function mutation in the 
S4 transmembrane segment of TRPA1 was reported to cause familial episodic pain 
syndrome (Kremeyer et al., 2010). The inflammatory peptide Bradykinin activates 
TRPA1 as a downstream target of a receptor-mediated phospholipase C-coupled 
signaling pathway (Bandell et al., 2004; Jordt et al., 2004). TRPA1 is also activated by 
the lipid metabolites DAG and polyunsaturated fatty acids such as arachidonic acid 
(Bandell et al., 2004). Agonists of TRPA1 include pungent or irritant chemicals such as 
AITC (allyl isothiocyanate) from wasabi and mustard oil (Jordt et al., 2004), 
cinnamaldehyde from cinnamon (Bandell et al., 2004), allicin from garlic (Bautista et 
al., 2005), acrolein from tear gas (Bautista et al., 2006), nicotine (Talavera et al., 2009), 
ozone (Taylor-Clark and Undem, 2010), and hydrogen peroxide (Sawada et al., 2008; 
Andersson et al., 2008). TRPA1 activation by isothiocyanates or other electrophilic 
agents was shown to occur via covalent modification of cysteine residues within the 
cytoplasmic N-terminus of the channel protein (Hinman et al., 2006; Macpherson et al., 
2007). Furthermore, a membrane-delimited mechanism of action was suggested for 
lipophilic agonists with a slow time course of activation, requiring partition of these 
chemicals into the membrane as a prior step followed by direct or indirect activation of 
TRPA1 (García-Añoveros and Nagata, 2007). 
 
Application of icilin leads to sensations of cold in addition to prickling (Wei and Seid, 
1983). Although icilin has long been recognized as an agonist of TRPA1 (Story et al., 
2003), the role of this channel as a cold sensor remains controversial. None of the other 
TRPA1 agonists produces a cooling sensation in humans (García-Añoveros and Nagata, 
2007) and icilin is known to strongly stimulate the cold sensor TRPM8 (McKemy et al., 
2002). Originally described as a channel activated by noxious cold with a temperature 
threshold <17◦C (Story et al., 2003; Bandell et al., 2004), later studies have yielded 
conflicting results. Several groups reported no direct activation of TRPA1 by  
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cold (Jordt et al., 2004; Nagata et al., 2005; Zurborg et al., 2007), however, other studies 
corroborated the role of TRPA1 as a sensor of deep cooling (Sawada et al., 2007; 
Karashima et al., 2009). Behavioral experiments with knockout mice did not resolve the 
controversy (Bautista et al., 2006; Kwan et al., 2006). In contrast, thermosensitivity of 
TRPA1 is well established in Drosophila as a molecular sensor of warmth (Viswanath et 
al., 2003; Hamada et al., 2008). In pit-bearing snakes, TRPA1 orthologues were 
identified as primary transducers of infrared stimuli (Gracheva et al., 2010). 
 
Cold activation of mammalian TRPA1 was suggested to be a secondary effect caused by 
release of Ca2+ from intracellular stores after cooling which leads to subsequent direct 
activation of the channel (Zurborg et al., 2007). TRPA1 is a non-selective Ca2+-
permeable cation channel showing outward rectification (Story et al., 2003). TRPA1 
activity is both potentiated and inactivated by extracellular Ca2+ (Jordt et al., 2004; 
Nagata et al., 2005). The N-terminal EF-hand-like domain of the channel was reported 
to be involved in Ca2+-dependent activation (Doerner et al., 2007; Zurborg et al., 2007). 
Mutation of Asp918 to Ala in the putative pore region of TRPA1 lead to a strongly 
reduced Ca2+ permeability, and abolished potentiation and inactivation by extracellular 
Ca2+, indicating that these effects are mediated by elevation of intracellular Ca2+ after 
Ca2+ entry through the channel (Wang et al., 2008). Furthermore, it was suggested that 
the inactivation mechanism of TRPA1 is not coupled to potentiation (Wang et al., 2008). 
This is corroborated by recent findings that C-terminal truncation of TRPA1 selectively 
impaired Ca2+-dependent inactivation without affecting other functional parameters 
(Sura et al., 2012). 
 
Ca2+ ions exert pronounced effects not only on gating, but also on pore properties of 
TRPA1. Single-channel conductance of TRPA1 is about 100 pS and reduces to 54% by 
external Ca2+ (Nagata et al., 2005). Channel amplitudes display large variability, 
suggesting that TRPA1 has several conductance levels (García-Añoveros and Nagata, 
2007). Upon agonist stimulation, TRPA1 undergoes pore dilation, a reversible process 
allowing permeation of large cations such as N-methyl-d-glucamine and cationic dyes 
such as Yo-Pro (Chen et al., 2009; Banke et al., 2010). The changes in pore properties 
are reduced or delayed by extracellular divalent cations (Banke et al., 2010). For 
inorganic monovalent cations, TRPA1 permeability sequence was Rb+ ≥ K+ > Cs+ > Na+ 
> Li+, corresponding to Eisenman sequence III or IV, implying a weak field strength site 
(Nilius et al., 2011). Stimulation with mustard oil was reported to enlarge pore diameter 
from 11 to 14 Å, and to increase divalent cation selectivity and fractional Ca2+ current 
(Karashima et al., 2010). Moreover, it was suggested that binding of Ca2+ in the pore 
hinders monovalent cation permeation (Karashima et al., 2010). 
 
In contrast to other TRP channels, TRPA1 is inhibited by plasma membrane PIP2 (Dai et 
al., 2007; Kim et al., 2008). Menthol and camphor were reported to inhibit mouse 
TRPA1, but they also interact with TRPM8, TRPV1 and TRPV3, showing promiscuity 
among thermoTRPs (Macpherson et al., 2006).  
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The selective TRPA1 antagonist HC-030031 (2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-
tetrahydro-7H-purin-7-yl)-N-(4-isopropylphenyl)acetamide), effectively attenuated 
mechanical hypersensitivity in models of inflammatory and neuropathic pain 
(McNamara et al., 2007). Using the specific small molecule inhibitor AP18 ((Z)-4-(4-
chlorophenyl)-3-methylbut-3-en-2-oxime), involvement of TRPA1 was demonstrated in 
mechanical hyperalgesia (Petrus et al., 2007).  
 
Since TRPA1 is blocked by all of the four nonspecific antagonists gentamicin, 
ruthenium red, gadolinium, and amiloride, which is a characteristic feature of 
mechanosensory channels (Hamill and McBride, 1996), a role of TRPA1 in auditory 
mechanotransduction was proposed (Corey et al., 2004; Nagata et al., 2005). However, 
TRPA1-deficient mice displayed unimpaired auditory responses (Bautista et al., 2006; 
Kwan et al., 2006), leaving open the question of the molecular identity of mammalian 
transduction channel in the inner ear. Behavioral deficits of knockout mice strongly 
indicate a function of TRPA1 as mechano-nociceptor in vivo (Kwan et al., 2006; García-
Añoveros and Nagata, 2007).  
 
There is ongoing controversy as to whether TRPA1 is a mechanically gated channel. 
The C. elegans ortholog is activated by mechanical pressure in sensory neurons and 
after heterologeous expression in mammalian cells (Kindt et al., 2007). While the ability 
of mammalian TRPA1 to respond to mechanical stimuli is still unresolved in 
heterologeous expression systems, studies using mouse sensory neurons suggest 
contribution of TRPA1 to mechanically activated currents (Vilceanu and Stucky, 2010; 
Brierley et al., 2011). Moreover, pharmacological studies indicate that TRPA1 is 
directly activated by mechanical forces transmitted via the membrane. Amphipathic 
molecules have been shown to activate human TRPA1 expressed in HEK cells, either by 
a convex or a concave deformation of the plasma membrane (Hill and Schaefer, 2007). 
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1.5 Lipid pores  
 
Lipids play an essential role in the regulation of TRP ion channel activity (Hardie, 2007; 
Nilius et al., 2007). The lipidic compound may be regarded as a ligand, capable of 
docking at a specific binding pocket of the protein and modulating channel activity by 
ligand-dependent conformational changes of the protein (Park et al., 2003). On the other 
hand, changes in the physical properties of the surrounding lipid bilayer may alter open 
probability of the channel, provided that shape and area changes of the protein occur 
during gating (Hamill and McBride, 1997; Cantor, 1999). 
 
The passive permeability of protein-free lipid membranes has been partially attributed 
to transient water pores arising from thermal fluctuations and packing defects in the 
lipid organization (Deamer and Bramhall, 1986; Finkelstein, 1987; Jansen and Blume, 
1995). Starting from hydrophobic pores, lipids can reorient to form a larger hydrophilic 
pore with walls lined by lipid head-groups (Glaser et al., 1988). This latter structure is 
named a toroidal pore, and several studies indicate that this type of pore is formed by 
most cationic membrane-active peptides (Zasloff, 2002; Almeida and Pokorny, 2009; 
Fuertes et al., 2010). It was suggested that antimicrobial peptides permeabilize bacterial 
membranes by stabilizing lipid pores (Matsuzaki et al., 1996; Mihajlovic and Lazaridis, 
2010). A toroidal pore composed of a peptide-lipid supramolecular complex induced by 
Bax-5 fragment has been characterized by grazing-angle X-ray diffraction (Qian et al. 
2008). Understanding of lipidic pore formation may serve as a basis for elucidating 
disease mechanisms and developing more effective therapeutic options, since tumor-
derived p53 missense mutants have lost the ability to activate the Bax/Bak lipid pores in 
mitochondria, which is a critical step during apoptosis (Wolff et al., 2008). 
 
Under conditions of mechanical, thermal, osmotic stress and electric fields, stochastic 
lipid pores can grow in size, finally leading to membrane rupture (Tieleman et al., 2003; 
Levin and Idiart, 2004; Movileanu and Popescu, 2004). Common applications of this 
phenomenon in medical biotechnology are drug delivery by liposomes and DNA 
transfer. During electroporation, short electric pulses (microsecond to ms) of intensity in 
103-104 V/cm cause reversible electrical breakdown of the cell membrane accompanied 
by increased ion leakage, escape of metabolites, uptake of dyes, tracers, antibodies and 
fusion of cell membranes (Tsong, 1991; Weaver, 1995; Chen et al., 2006). Electropores 
in membranes can last several microseconds, thermally induced pores have a much 
shorter lifetime up to several nanoseconds (Marrink et al., 2001; Movileanu and 
Popescu, 2004). Under appropriate conditions, large quasistable pores remain open for 
up to several seconds (Zhelev and Needham, 1993; Moroz and Nelson, 1997). The 
radius of lipid pores can vary in a wide range from nanometer to micrometer depending 
on the intensity of stimulus and physical properties of the membrane (Movileanu and 
Popescu, 2004). 
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It was recently shown that electric pulses of nanosecond duration (nsEPs) trigger 
formation of voltage-sensitive and inward-rectifying pores in cell membranes 
(Pakhomov et al., 2009). Maximum pore size was reported to be about 1 nm, and 
nanopores were stable for many minutes, affecting water and electrolyte balance, as was 
seen in cell swelling and blebbing after repetitive pulsing (Pakhomov et al., 2009).    
The ion channel-like properties of nsEP-opened nanopores vanished after 
transformation into larger, propidium-permeable pores, accompanied by loss of 
rectification (Pakhomov et al., 2009). nsEP-induced cell death was impaired by Gd3+ 
with a threshold at sub-micromolar concentrations (André et al., 2010). 
 
Passive permeability of lipid membranes to water, cations, and fluorescence dyes was 
found to be largely increased at the main phase-transition of the bilayer, i.e. the gel-to-
fluid chain-melting transition (Papahadjopoulos et al. 1973; Jansen and Blume, 1995; 
Blicher et al., 2009). At the transition temperature Tm, half of the lipids are in the fluid 
state and the others are in gel state. In the gel phase, also called solid phase, the lipids 
are arranged on a two-dimensional triangular lattice in the plane of the membrane, their 
hydrocarbon chains are maximally elongated and display all-trans configuration, giving 
rise to a rigid structure with strongly reduced lateral diffusion (Janiak et al., 1979; 
Eeman and Deleu, 2010). In the fluid phase, also called liquid-disordered phase, trans-
gauche isomerization leads to kinked lipid chains which are less extended, and occupy a 
larger volume, resulting in increased lateral and rotational diffusion of lipids. It was 
proposed that the free volume created by thermally kinked chains could provide a 
pathway for permeation of small molecules and water (Träuble, 1971). According to the 
domain interface model, the phase transition is accompanied by strong lateral density 
fluctuations which manifest themselves as a microheterogenity in the structure of the 
membrane (Cruzeiro-Hansson and Mouritsen, 1988). Packing defects occur in the 
interfaces between adjacent domains due to mismatch of gel and fluid lipids, facilitating 
diffusion. Moreover, it was suggested that the passive ion permeability is proportional to 
the lateral compressibility of the bilayer (Nagle and Scott, 1978). Close to the phase 
transition, fluctuations in area and compressibility are high, leading to an increased 
likelihood of spontaneous lipid pore formation (Blicher et al., 2009). 
 
Conductance measurements on pure lipid membranes revealed quantized events closely 
resembling those recorded from protein ion channels (Yafuso et al., 1974;  Yoshikawa et 
al., 1988). The occurrence of current steps was correlated with the lipid phase transition 
and single-channel amplitudes were in the range of pA to nA (Antonov et al., 1980; 
Antonov et al., 2005). It was found that lipid channels were dependent on Ca2+ 
(Gögelein and Koepsell, 1984; Antonov et al., 1985), pH (Kaufmann and Silman, 1983), 
voltage (Antonov et al., 1990) and lateral pressure (Kaufmann et al., 1989). Monovalent 
cation conductivity of a single lipid pore was shown to decrease in the order Li+  Na+ > 
K+ = Rb+  Cs+ (Antonov et al., 2005), corresponding to Eisenman sequence XI or X. 
 
1. Introduction 
                                                                                                                                         24 
Recent studies corroborated the theoretical connection among permeability, 
compressibility, and heat capacity (Blicher et al., 2009; Wunderlich et al., 2009). It was 
shown that lipid channel lifetimes are related to the heat capacity associated with the 
transition and reflect the relaxation time-scales of lipid membranes. Current fluctuations 
in the fluid phase were characterized by spike-like behavior of short timescales (about 2 
ms), while channel events during lipid phase transition appeared in distinct steps with 
longer life times of about 20 ms (Wunderlich et al., 2009). 
 
Involvement of persistent channel-forming lipid structures was proposed to explain 
bilayer conductance changes found away from phase transition, including current steps 
of different sizes and life times, flickering, ion selectivity, and inactivation (Woodbury, 
1989). As can be seen from ceramide channels, lipids can self-assemble into stable pore 
structures (Colombini, 2010). Ceramide channel formation was suggested to be a 
pathway for the release of proapoptotic proteins from mitochondria during the induction 
phase of apoptosis (Siskind, 2005). Conductance of ceramide channels was in the range 
of 1 to > 200 nS, corresponding to estimated pore diameters from 0.8 to 11 nm (Siskind, 
2002). Discrete current steps were found as well as spike-like events and bursting 
behavior, reminiscent of protein ion channels (Perera et al., 2012). Ceramide channels 
can exhibit drastic changes in pore size and selectivity upon channel enlargement or 
shrinkage by insertion or loss of multiple ceramide columns (Siskind, 2003). 
Disassembly of ceramide channels by La3+ occurred in stepwise conductance 
decrements, indicating formation of cylindrical channels with preferred diameters 
(Siskind, 2003). 
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1.6 Aims of the study 
 
For voltage-gated ion channels, detailed models have been elaborated in order to 
elucidate the molecular basis of channel gating. In contrast, present understanding is 
limited regarding the gating mechanisms of sensory channels initiated by chemical 
stimuli such as ligands and by physical stimuli such as mechanical force. Therefore, the 
major objective of this work is to extend knowledge about molecular mechanisms 
involved in voltage-independent gating of transient receptor potential (TRP) channels, 
particularly of TRPM2 compared with TRPM8, and of TRPA1.  
Background information:  
TRPM2 is activated in a voltage-independent way by binding of ADPR to the 
intracellular NUDT9-homology (NUDT9-H) domain at the C-terminus of the channel. 
The closest relative of TRPM2 within the TRP family of cation channels is TRPM8, 
which, however, is gated by completely different stimuli. TRPM8 is principally a 
voltage-dependent channel showing outward rectification at room temperature. Activity 
of TRPM8 is strongly increased in response to cold and cooling agents such as menthol 
and icilin. The distantly related TRPA1 is also a voltage-gated channel and responds to a 
plethora of chemical stimuli including icilin. TRPA1 has previously been suggested to 
play a role in mechanotransduction.  
Experimental approaches: 
1. The S4-S5 regions of TRPM2 and TRPM8 are quite similar. All basic amino acid 
residues within the putative voltage-sensing S4-S5-region of TRPM8 are conserved 
in TRPM2. The transmembrane segments S5 and S6 of TRPM2 and TRPM8 have a 
higher sequence homology than the intervening pore regions. Therefore, the apparent 
insensitivity to voltage in TRPM2 may result from differences in the pore region 
from S5 to S6 rather than in the voltage-sensing region. In order to elucidate the role 
of the pore in single-channel gating, chimerical channels are created in which the S5-
pore-S6 segment is reciprocally exchanged between TRPM2 and TRPM8. 
2. In order to show that mechanical force can activate TRPA1 in the context of voltage-
independent gating, two approaches were chosen. First, fluid flow in the solution 
outside the cell. Second, application of negative pressure inside the patch pipette.     
A functional role of TRPA1 in mammalian mechanosensitivity has been suggested in 
behavioral studies and experiments with sensory neurons. Therefore, it is tested 
whether membrane deformation is able to gate TRPA1 overexpressed in HEK293 
cells and endogenously expressed in human fibroblasts. The influence of cytoskeletal 
interactions on mechanosensitivity of TRPA1 is investigated in cell-attached and 
inside-out configuration. In order to establish a functional role of Ca2+ in the 
activation mechanism of TRPA1 initiated by mechanical force, a pore mutant is 
studied with strongly decreased Ca2+ permeability (D915A). 
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3. For the proper interpretation of single-channel experiments on the voltage-
independent gating of TRP channels, protein-related channel activity has to be 
clearly differentiated from bilayer-related leakage. Distinct current steps resembling 
protein ion channel activity are observed in protein-free lipid membranes during the 
melting transition of the lipid bilayer. Presumably, large increases in permeability 
result from the facilitated formation of lipid pores in the transition. TRP channels and 
lipid pores are influenced by changes in intensive thermodynamical variables such as 
temperature, voltage, pressure, and the chemical potentials of ions. To distinguish 
between TRP channel gating and lipid pores, current recordings of synthetic lipid 
membranes driven into the transition by application of voltage are performed.  
Comparison of protein and lipid channel events might serve as a starting point for future 
investigation which common physical principles govern these unitary currents. 
Taken together, these experiments are intended to provide further insight into the 
mechanistic channel function of TRPM2, TRPM8 and TRPA1. Key findings of this 
study, such as the demonstration of mechanogating of human TRPA1, help to broaden 
our knowledge of voltage-independent gating of these polymodal sensory ion channels. 
Comprehensive understanding of TRP channel regulation is dedicated to unraveling the 
role of these molecular integrators in the pathogenesis of disease states and finally to 
contributing to the development of more effective therapeutic approaches. 
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2 Materials and Methods 
2.1 Chemicals 
 
ADPR Adenosine 5’-diphosphate-ribose, Sigma-Aldrich, 
100 mM stock solution in distilled water 
AITC Allylisothiocyanate, Sigma-Aldrich, 30 mM stock 
solution in DMSO 
DMEM Dulbecco´s Modified Eagle´s Medium, Biochrom, 
Germany 
DMSO Dimethylsulfoxid, Roth, Germany 
EDTA Ethylenediaminetetraacetic acid, Sigma-Aldrich, 
Steinheim 
EGTA Ethylene glycol-bis(2-aminoethylether)-N,N,N′,N′ 
-tetraacetic acid, Sigma-Aldrich,  
Ethanol Roth, Karlsruhe 
FCS Fetal calf serum, heat inactivated, Sigma, 
Karlsruhe 
Geneticin   G-418-sulfate, Gibco, Invitrogen 
HC 030031 2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-
purin-7-yl)-N-(4-isopropylphenyl)acetamide, 
Tocris Bioscience, USA 
HCl Hydrochloric acid, Merck, Germany 
HEPES 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethane-
sulfonic acid, Sigma  
H2O2 Hydrogen peroxide, Merck, 30% stock solution 
Icilin  1-(2-hydroxyphenyl)-4-(3-nitrophenyl)-3,6-
dihydropyrimidin-2-one, Cayman Chemical, USA, 
10 mM stock solution in DMSO 
L-Glutamine   200 mM, stabile, Biochrom, Germany 
MgCl2x6H2O Magnesium chloride hexahydrate, Merck, 
Darmstadt 
MgSO4x7H2O Magnesium sulfate heptahydrate, Merck, 
Darmstadt 
Na2-ATP Adenosine 5′-triphosphate disodium salt hydrate, 
Sigma-Aldrich  
NaOH Sodium hydroxide, Merck, Darmstadt 
Na-Pyruvate Sodium pyruvate, Biochrom, Germany 
PBS Phosphate Buffered Saline solution, Biochrom, 
Germany 
Trypsin Biochrom, Germany 
UPW  Ultra Pure Water, Biochrom, Germany 
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WS-12 (1R*,2S*)-N-(4-Methoxyphenyl)-5-methyl-2-(1-
methylethyl)cyclohexanecarboxamide, Tocris 
Bioscience, USA, 30 mM stock solution in DMSO 
 
 
 
 
2.2 Cell Culture 
2.2.1  Growth media and solutions 
  
Dulbecco's Modified Eagle'sMedium (DMEM, Cat. No. F 0425, Biochrom, Germany): 
 with 3.7 g/l NaHCO3 
 with 25 mM HEPES 
 with 4.5 g/l D-glucose 
 with 4.4 g/l NaCl 
 without L-glutamine  
 without Na-pyruvate 
 
 
Cell culture medium for native HEK293 cells: 
 500 ml DMEM 
 50 ml FCS (inactivated, steril filtered) 
 10 ml L-glutamine 
 5 ml Na-pyruvate 
For stable transfected cells, medium was supplemented with 565 mg G-418-sulfate 
(steril filtered) 
 
 
Dulbecco’s Phosphate Buffered Saline solution (PBS, Cat. No. L 1825, Biochrom, 
Germany): 
 without Ca2+ 
 without Mg2+ 
 low endotoxin 
 
 
Trypsin-EDTA solution (0.05 % in PBS): 
0.4 ml Trypsin 2.5% 
19.2 ml PBS  
0.4 ml EDTA 1% 
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2.2.2   Culturing of HEK293 cells 
 
HEK293 cells (American Type Culture Collection, USA) were maintained in high 
glucose DMEM supplemented with 10% fetal calf serum, L-glutamine and pyruvate in a 
humidified atmosphere (incubator, Heraeus Instruments) at 37°C and 5% CO2. At 80%  
confluency, cells were subcultivated in sterile environment under laminar flow (clean 
bench, Heraeus). Only autoclaved instruments or disposable pipettes were used, all  
media  and buffer solutions were sterile. Culture medium and PBS were prewarmed at 
37°C. Bottles were disinfected on the outside by wiping with 70 % ethanol before use. 
After opening and before closing, bottlenecks and caps were flamed with a Bunsen 
burner for sterilisation purpose. Cells were passaged by removing medium, rinsing cells 
with PBS, incubation for 2 minutes with 0.05% trypsin at 37°C, replenishing with 
culture medium and replating the cells in 100 x 20 mm culture dishes (BD Falcon, 
USA). Cells were splitted 1:10 and 1:5 every 3 days. 
 
 
 
 
2.2.3 Transfektion of HEK293 cells 
 
HEK293 cells were grown at a confluency of 40-50 % and transfected the day after 
splitting. For 100 x 20 mm culture dishes, a ratio of 1: 2.7 (DNA: FuGENE 6) yielded 
optimal transfection results. 27 µl FuGENE 6 reagent (Roche) was diluted in 570 µl  
serum-free medium at room temperature and incubated for 5 minutes. Afterwards, 10 µg 
DNA were added and incubated for 45 minutes. After complex formation, the FuGENE 
-DNA mix was pipetted dropwise onto the cells. Finally, cells were incubated overnight 
at 37°C and 5% CO2. Transfection results were estimated by the fraction of cells 
showing green fluorescence due to expression of GFP. Successfully transfected cells 
were disseminated into 35 x 10 mm plastic dishes (Nunclon™Δ Surface, Nunc, 
Denmark) for patch-clamp measurements. 
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2.3 Electrophysiology 
2.3.1   Solutions for patch-clamp experiments 
 
Standard bath solution (BP1): 
 140 mM NaCl 
 1.2 mM MgCl2 
 1.2 mM CaCl2 
 5 mM KCl 
 10 mM HEPES 
 pH 7.4 (NaOH) 
 
 
Divalent free bath solution (DVF): 
 150 mM NaCl 
 10 mM EGTA,  
 10 mM HEPES  
 pH 7.4 (NaOH) 
 
 
Pipette solution (P10, P10*):  
 145 mM Cesium glutamate 
 8 mM NaCl 
 2 mM MgCl2 
 10 mM HEPES 
  pH 7.2 (CsOH)  
The Ca2+ concentration was adjusted to either <10 nM (P10, 10 mM Cs-EGTA) or to 1 
µM (P10*) as calculated with the MAXC-program (0.886 mM CaCl2 and 1 mM Cs-
EGTA). 
 
 
 
 
2.3.2   Capillaries and electrodes 
 
Single-channel recordings were routinely performed with pipettes made of borosilicate 
glass (outer diameter 1.8 mm, inner diameter 1.08 mm, length 75 mm, Hilgenberg, 
Germany). Alternatively, microelectrodes were made from borosilicate glass with 
slightly different specifications (outer diameter 1.5 mm, inner diameter 0.86 mm, length 
100 mm, Harvard Apparatus, USA) to ensure that biophysical properties of ion channels 
were not dependent on the type of pipette used. Pipettes were fabricated in a two-step 
procedure and firepolished with a programmable DMZ-Universal puller (Zeitz-
Instrumente GmbH, Germany). Pipettes had a  tip diameter in the range of 1 m and 
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resistances between 5 and 7 MΩ. To reduce thermal noise, pipette tips were coated with 
dental wax (Moyco Industries Inc., USA). Microelectrodes were used on the day of 
preparation and stored in a container for the prevention of dust deposits. 
 
 
 
 
2.3.3   Setup for single-channel recording 
 
Electrophysiological signals were recorded with an Axopatch 200B amplifier in 
combination with  Digidata 1440A AD/DA converter (Axon CNS, USA) controlled by 
the pCLAMP10 software suite (Fig. 3, A). The Axopatch 200B amplifier was run in 
resistive whole-cell voltage-clamp mode (=1) to avoid contamination of traces with 
reset glitches due to capacitor discharge. The output gain () was set to x100 when 
recording single-channel currents. A gap-free acquisition mode was used with a sample 
rate of 10 or 20 kHz and analogous filtering at 2 or 5 kHz performed with a build-in 4-
pole Bessel filter (-3 db).  
 
The CV 203BU headstage connected to pipette holder 1-HL-U (Axon CNS, USA) was 
mounted on a micro-manipulator (model SM1, Luigs and Neumann, Germany) inside a 
Farady cage (Fig. 3, B). Transfected HEK293 cells were visually identified with an 
Axiovert 200 inverted microscope (Carl Zeiss, Germany) and a blue LED lamp (model 
CREE XP-E, wavelength  =  460 nm) serving as a light source for excitation of green 
fluorescence from green fluorescent protein. Health status of cells was checked before 
each experiment by illumination with cold light source KL 1500 LCD (Schott, 
Germany) using 10x and 40x objective magnification. PlasDic, the first polarization-
optical differential interference contrast technique developed by Carl Zeiss 
MicroImaging GmbH, allowed the use of standard cell culture plastic dishes 35 x 10 
mm (Nunclon™Δ Surface, Nunc, Denmark) for patch-clamp studies. 
 
For the mechanical stimulation of cells, negative pressure (up to 100 cm H2O) was 
hydrostatically applied to the cell, using a water-filled U-tube connected to the 
recording pipette through a 3-way-valve. Alternatively, fluid flow was induced along the 
cells by fast perfusion with bath solution. A liquid jet was manually applied by use of a 
syringe as reservoir connected through a thin silicone tube to a fixed capillary ending at 
the rim of the recording chamber.  
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A B
Fig. 3  Patch-clamp setup. A, The recording system (amplifier, D/A converter, personal 
computer) is mounted into a cabinet. Power supply for the fan-cooled blue LED lamp is also 
housed in the rack. B, Inverted microscope, headstage with pipette and micro manipulators are 
installed on an antivibration table in a Faraday Cage. The electrodes made from chlorinated 
silver wires are attached to the headstage. The recording electrode is inside the glass pipette 
filled with salt solution, the reference electrode dips into bath solution. 
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2.3.4   Cell-attached and inside-out configuration 
 
In the cell-attached or on-cell configuration, the pipette is sealed to the outside of the 
membrane. This is achieved by slight suction or release of positive pressure under visual 
control of the sealing process (Fig. 4, left and center). Since the cell remains intact, 
current from single ion channels in the patch can be recorded without interrupting 
connections to the cytoskeleton or modulatory second messenger cascades. The 
disadvantage of this configuration is that the holding potential is less defined because 
the resting membrane potential of the cell is unknown. 
 
The inside-out configuration is an “excised patch” technique, meaning that the patch is 
removed from the cell membrane. In order to achieve the inside-out configuration, the 
pipette is quickly lifted up from the cell-attached configuration without loosing the 
gigaseal (Fig. 4, right). Now the intracellular side of the membrane can be exposed to 
various solutions according to the experimenter’s protocol. 
 
In this work, single-channel currents were recorded in cell-attached and inside-out 
configuration at room temperature (21°C -23°C). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  Cell-attached and inside-out configuration of the patch-clamp technique (adapted from 
Wikipedia, the free encyclopedia) 
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2.3.5 Current and voltage conventions in electrophysiology 
 
In electrophysiology, it is common to invert single-channel currents recorded  in the 
cell-attached and inside-out configuration so that the inward movement of ions is 
represented as downward deflection. The reason for this lies in the convention that the 
net movement of positive ions in the direction of the outer  to the inner membrane is, by 
definition, an inward current, but as positive ions are leaving the headstage and patch 
pipette this would be recorded as positive or upward current (Maertz, 2008; Wyllie, 
2007).  
 
The patch-clamp command voltage Vcmd is positive if it increases the potential inside the 
pipette (Maertz, 2008). In electrophysiology, it is common usage to report the 
transmembrane or holding potential (Vpatch) from the cell's perspective, i.e. the potential 
at the inside of the cell membrane minus the potential at the outside, instead of the 
pipette potential set by the command voltage on the patch-clamp amplifier (Maertz, 
2008; Wyllie, 2007).  
 
In the cell-attached and inside-out configuration where the pipette is connected to the 
outside of the cell membrane, a positive command voltage causes the transmembrane 
potential to become more negative, therefore it is hyperpolarizing (Maertz, 2008). In the 
inside-out and cell-attached configuration, the transmembrane potential is inversely 
proportional to the command potential, in cell-attached configuration Vpatch is 
additionally shifted by the resting membrane potential (RMP) of the cell (Maertz, 2008; 
Wyllie, 2007). 
 
 
Below, a summary of current and voltage conventions is given (Maertz, 2008): 
 
1.  Positive current corresponds to: 
  cell-attached patch   patch inward current 
  inside-out  patch    patch inward current 
 
2.  A positive shift in the command potential is: 
  cell-attached patch    hyperpolarizing 
  inside-out patch    hyperpolarizing 
 
3.  Correspondence between the command or pipette potential (Vcmd) and the 
 transmembrane or holding potential (Vpatch) is: 
 cell-attached patch    Vpatch = RMP – Vcmd 
 inside-out patch     Vpatch = – Vcmd 
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2.3.6 Data analysis 
 
Current recordings were analyzed with pCLAMP10 software. Single-channel transitions 
were identified on the basis of the half-amplitude threshold crossing method. After 
idealization data were stored in a table containing amplitude, duration, level and state 
information of events. This event list was used for single-channel analysis. Closed times 
were analyzed only from patches showing one active channel. Closed and open time 
histograms were constructed by attribution of events to bins of constant widths. Dwell 
time histograms were fitted to a monoexponential or biexponential probability function, 
                       
 f (t) =  Pi i -1 e -t/ i  + c,  using the built-in “compare models” algorithm.  
                
 
Open probability Popen was calculated by dividing the open time of a channel by the 
total time in the record. For multi-channel patches, the ratio (open time / total time) is 
divided by the number of channels in the patch. 
 
Unitary current amplitudes (io) were determined as the difference of maxima in 
Gaussian fits of all-point current histograms constructed from raw data. Plots of io 
versus holding potential (Vpatch) were fitted with linear regression to obtain slope 
conductances. Data are presented as Mean ± SEM. They represent the mean of 
experiments on n different cells. Statistical analysis and linear regression were 
performed with Origin6.0 software. Overall statistical significance was determined by 
analysis of variance. In case of significance (p < 0.05), individual groups were 
compared using Student's t-test. 
 
Time to peak (tpeak) was determined from the time lag between mechanical stimulation 
and full channel activation. Peak current (Ipeak) was calculated from the difference 
between basal and maximal currents after stimulation .       
 
 
 
 
 
 
 
n 
i=1 
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3 Results 
3.1 Influence of the exchange of S5-pore-S6 regions between TRPM2 and      
 TRPM8 on single-channel gating behaviour 
3.1.1 Comparison of TRPM2 and pore mutant M2M8P 
       3.1.1.1  Basic gating properties are conserved after pore exchange 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Pore regions of TRPM2 and TRPM8. Pore chimeras were designed by exchanging S5-
pore-S6 domain (gray shading). Amino acid sequences are depicted in single-letter code, 
conserved residues given in bold (from Kühn et al., 2010). 
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The transmembrane segments S5 and S6 of TRPM2 and TRPM8 display a higher 
sequence homology than the intervening pore regions (Fig. 5). All basic amino acid 
residues within the putative voltage-sensing S4-S5-region of TRPM8 are conserved in 
TRPM2. In order to clarify the importance of the pore domain for gating, chimerical 
channels were created in which the S5-pore-S6 segment was reciprocally exchanged 
between TRPM2 and TRPM8. Activity of wild-type and pore mutant channels was 
studied in single-channel experiments. 
 
Channel openings of wild-type TRPM2 activated by ADPR are characterized by long 
open times, and an open probability approaching unity (Fig. 6). Single-channel analysis 
of TRPM2 recorded in inside-out configuration with 1.2 mM Ca2+ in extracelluar 
solution revealed a mean open time of 296 ± 12 ms in the presence of 0.1 mM ADPR 
and  Ca2+ on the intracelluar side at a holding potential of -60 mV (Fig. 7, A). With 
a low concentration of free Ca2+ (< 10 nM) in bath solution, a larger concentration of 
ADPR (1 mM)  was required for channel activation. 
 
The typical channel properties of TRPM2 were preserved in the M2M8P chimera which 
had the pore of TRPM8 inserted into TRPM2 (Fig. 5). M2M8P displayed long channel 
openings with open probability and kinetics of activation by ADPR in the presence of 
Ca2+ that were identical to those of parental TRPM2 (Fig. 6). The mean open time was 
293 ± 11 ms in the M2M8P pore mutant (Fig. 7, A). 
 
As a biophysical signature of pore exchange, in the M2M8P chimera open-channel 
noise was considerably reduced compared to wild-type TRPM2 (Fig. 6, B). All-point 
current histograms constructed from multichannel patches consistently show increasing 
overlap between peaks of higher conductance levels in case of TRPM2 (Fig. 9). Fast 
gating events truncated by lowpass filtering are less frequent in pore mutant M2M8P.   
 
Single-channel conductance of M2M8P was estimated as 69.4 ± 1.4 pS, in the same 
range as the slope conductances s of the two parental channels (Fig. 8). TRPM8 had a 
slope conductances of 63.0±1.8 pS, for TRPM2 s was 64.0±1.8 pS. Unitary current 
amplitudes of TRPM2 and M2M8P were similar at a holding potential of -60 mV (Fig. 
7, B).  
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Fig. 6 Exemplary traces of TRPM2 (top) and pore mutant M2M8P (bottom) recorded in 
inside-out configuration with 1.2 mM Ca2+ in pipette at a holding potential of -60 mV. A,  
Channel openings in low Ca2+ (< 10 nM) +  1 mM ADPR in bath solution. B,  Successive 
current steps elicited by 1 M Ca2+ +  0.2 mM ADPR. In B, traces were low-pass filtered 
with 1 kHz (Gaussian type of filter) to show differences in open channel noise between wild 
type TRPM2 and the pore mutant channel M2M8P. C, Multi-channel patches in 1 M Ca2+ +  
0.2 mM ADPR in bath solution. 
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Fig. 7  Single-channel analysis of TRPM2 (left) and pore mutant M2M8P (right) recorded in 
inside-out configuration with 1.2 mM Ca2+ in pipette solution at a holding potential of -60 mV. 
TRPM2 and M2M8P were activated by 0.1 mM ADPR in the presence of  Ca2+. A,  
Monoexponential fit of open time histogram gives the open time constant open  which was 
identical for TRPM2 and M2M8P. Bin width was 400 ms. Data were sampled from a total of 8 
patches. Open times are listed in Appendix A. B, Gaussian fits of all-point histogram yield 
unitary current amplitude io from the maximum μ of the open level relative to the baseline peak 
set to zero.   
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Tab. 1  Statistics of Fig. 8. Further details are listed in Appendix B. 
Vpatch  
(mV) 
TRPM2 
Mean 
io  (pA) 
TRPM2 
SEM 
io (pA)
TRPM8 
Mean 
io  (pA)
TRPM8 
SEM 
io (pA)
M2M8P 
Mean 
io  (pA) 
M2M8P 
SEM 
io (pA) 
+100 -- -- 6.64 0.77 -- -- 
+90 6.00 0.46 -- -- -- -- 
+80 5.00 0.00 5.33 0.50 5.50 0.50 
+60 3.60 0.24 4.08 0.32 3.67 0.33 
+40 2.00 0.58 2.82 0.22 2.50 0.50 
-40 -2.50 0.50 -2.76 0.34 -2.83 0.44 
-60 -4.00 0.26 -3.72 0.28 -4.50 0.29 
-80 -5.20 0.34 -4.48 0.24 -5.75 0.25 
-90 -5.50 0.50 -- -- -- -- 
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Fig. 8  Single-channel current-voltage relationship of TRPM2, TRPM8 and M2M8P. 
Unitary current amplitudes io were plotted against holding potential Vpatch. The curves 
were fitted by linear regression to obtain slope conductances s. Error bars represent 
confidence interval. Data are pooled from a 3-6 patches for each channel. 
s = 69.4 ± 1.4 pS 
s = 63.0 ± 1.8 pS 
s = 64.0 ± 1.8 pS 
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Fig. 9  All-point histograms of ADPR-activated TRPM2 (top) and M2M8P (bottom) taken 
from multichannel patches recorded at a holding potential of -60 mV in the presence of  
Ca2+. Open channel noise is marked by an arrow. For TRPM2 there is large overlap between 
peaks with increasing number of active channels, indicative of fast gating behavior not 
resolved by the limited temporal resolution of the recording system. In the pore mutant 
M2M8P, open channel noise is less pronounced. 
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3.1.1.2 Voltage-dependence of M2M8P  
 
While current-voltage relationship of TRPM2 is linear in the voltage range of -150 mV 
to +150 mV, pore mutant M2M8P is characterized by a decrease of inward current at 
holding potentials more negative than -100 mV (Fig. 10, A). In single-channel 
recordings of M2M8P, an increased frequency of closures was observed during voltage-
jump experiments (Fig. 10, B). As mentioned in the last chapter, TRPM2 shows fast 
gating behavior not resolved by the limited lowpass filtering rate. Insertion of the 
TRPM8 pore into TRPM2 leads to an increased lifetime of the closed state under strong 
hyperpolarizing conditions (Fig. 10, C). Due to this closed-state stabilization, closures 
of M2M8P are captured by the recording system.   
 
Closings of TRPM2 and M2M8P were analyzed from inside-out patches with 1.2 mM 
Ca2+ in pipette, and 0.1 mM ADPR +1 M Ca2+ in bath solution at three different 
holding potentials (-60 mV, -120 mV, -140 mV). Closed time histograms were 
constructed from patches showing only one active channel (Fig. 11). For TRPM2, the 
distribution of closed times was monoexponential at all holding potentials tested, and 
mean closed time was 0.22 ms independent of voltage. At -60 mV, M2M8P had a mean 
closure time in the same range (0.25 ms), and the closed time distribution was 
monoexponential. However, at the two far-negative holding potentials, a biexponential 
function was required to fit distribution of closed times. At -120 mV, a second 
component of 3 ms appeared with a contribution of 24 %. The weight of this long 
component increased to 70% when hyperpolarization was stronger at -140 mV.  
 
Reversibility of voltage-dependent gating was tested in additional voltage-step 
experiments (Fig. 12 and 13). Closed-state stabilization of M2M8P was fully reversible 
when holding potential was switched back from -120 mV to -60 mV (Fig. 12, A). No 
change in gating behavior of M2M8P occurred after voltage jumps from -60 mV to +60 
mV, +60 mV to +120 mV or +120 mV to +60 mV (Fig. 12, B). In control experiments 
with TRPM2, the pattern of long channel openings interrupted by short closures was 
found under all conditions tested (Fig. 13). No change in gating behavior of TRPM2 
occurred during various voltage step protocols (-120 mV to -60 mV, -60 mV to +60 mV, 
+60 mV to +120 mV and -60 mV to -120 mV).  
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    20 s 
Fig. 10  Voltage-dependence of M2M8P. A, Current-voltage relationship of M2M8P and TRPM2 
(figure kindly provided by PD Dr. Frank Kühn). B, Exemplary traces from TRPM2 (upper) and 
M2M8P (lower) activated by ADPR (0.1 mM in 1 Ca2+). Voltage jumps lead to longer 
closures of M2M8P under strong hyperpolarization. C, Closed-state stabilization of ADPR-
activated M2M8P at a holding potential of -150 mV is shown on two different time scales. 
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Fig. 11 Analysis of closed time histograms reveals differences in channel gating at far-
negative holding potentials. Bin width was 0.4 ms. Data are from a total of 14 patches for each 
channel. Closed times are listed in Appendix C. In case of TRPM2 (left panels), the time 
constant closed was independent of holding potential since closed time distributions at -60 mV, 
-120 mV and  -140 mV could be well fitted to a mono-exponential probability function. In 
contrast, for the pore mutant M2M8P (right panels), a biexponential fit was required at the two 
more negative holding potentials. The proportion of the long closed component   increased 
from 24% at -120 mV to 70% at -140 mV.  
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Fig. 12  A, Voltage-dependent gating of M2M8P is fully reversible when holding potential is 
changed from -120 mV back to -60 mV. B, No change in gating behavior of M2M8P was 
found after voltage jumps from -60 mV to +60 mV, +60 mV to +120 mV or +120 mV to +60 
mV. M2M8P was activated by 0.1 mM ADPR in the presence of  Ca2+. 
45 
3. Results 
                                                                                                                                         46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TRPM2 
-120 mV 
-60 mV 
10 pA 
1 s 
C 
O 
-60 mV 
+60 mV 
O 
C 
C 
O 10 pA 
2 s 
+60 mV 
+120 mV 
10 pA 
1 s 
O 
C 
10 pA 
1 s 
-60 mV 
-120 mV 
C 
O 
Fig. 13  TRPM2 shows long channel openings interrupted by short closures, irrespective of 
changes in holding potential. No change in gating behavior of TRPM2 occurred during 
various voltage jump protocols (-120 mV to -60 mV, -60 mV to +60 mV, +60 mV to +120 mV 
and -60 mV to -120 mV). TRPM2 was activated by 0.1 mM ADPR in the presence of  
Ca2+. 
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3.1.2 Comparison of TRPM8 and pore mutant M8M2P 
 
TRPM8 currents were characterized by strong outward rectification under basal 
conditions. At a holding potential of –60 mV, channel openings were rare and truncated 
by the standard low-pass filtering rate of 2 kHz  (Fig. 14, A upper trace). Channel 
activity increased upon depolarization, indicating a voltage-dependent gating process 
(Fig. 14, A lower trace). Before agonist stimulation, TRPM8 basal channel activity was 
characterized by a low open probability, and a short-lived open state (Fig. 15, A and Fig. 
16, A). Open-time analysis of TRPM8 recorded in inside-out configuration with 1.2 mM 
Ca2+ in pipette solution, and  Ca2+ in bath solution revealed a mean open time of 
0.54 ± 0.03 ms at a holding potential of 60 mV. Distribution of open times was well 
described by a monoexponential function. 
 
When TRPM8 was stimulated with icilin (0.1 M), stepwise transitions between 
discrete amplitude levels were prevalent, and outward rectification turned into a more 
ohmic (linear) conductance (Fig. 14, B). The all-point current histogram shows discrete 
equidistant peaks representing stacked openings in the patch (Fig. 15, B). Visual 
inspection of traces (Fig. 14, B), and dwell-time histogram analysis (Fig. 16, B) reveal 
the presence of a long-lived open state of TRPM8 induced by icilin. After channel 
activation with icilin, a biexponential function was required to fit open-time 
distribution. The fast time constant  = 0.49 ± 0.01 ms (60%) corresponds to the mean 
open time under basal conditions, the slow time constant = 2.1 ± 0.1 ms (40%) refers 
to the second open state of TRPM8 evoked by icilin (Fig. 16). 
 
Insertion of the TRPM2 pore into TRPM8 drastically reduced channel function. Cold-
activation was abolished in M8M2P (Kühn et al., 2010). No single-channel activity was 
observed under basal conditions. Only after high doses of two agonists in combination 
(200-800 M menthol + 60 M icilin), single-channel currents developed showing 
irregular activity, and persistent outward rectification (Fig. 14, C). The predominant 
pattern of activation consisted of brief openings, and bursts of varying amplitudes. The 
frequency of conductance events increased with depolarisation. Strikingly, in contrast to 
TRPM8, no discrete open-channel peak emerges from the all-point current histogram 
after agonist stimulation of M8M2P (Fig. 15, C). Instead, an exponential distribution of 
current amplitudes overlaps with the right tail of the baseline peak. Due to the lack of 
unitary current amplitude, an open-time analysis was not feasible for M8M2P. 
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Fig. 14 A, Exemplary traces of outward rectifying TRPM8 before stimulation. B, Discrete 
openings of TRPM8 fully activated with 0.1 M icilin. C, Pore mutant M8M2P after 
stimulation with 800 M menthol + 60 M icilin, showing irregular channel activity. 
Recordings were performed with 1.2 mM Ca2+  in pipette, and Ca2+ in bath solution. 
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Fig. 15  Corresponding all-point histograms of currents depicted in fig. Y. A, Low open 
probability of unstimulated TRPM8 (inset: expansion of openings). B, After activation 
with icilin, the open levels of TRPM8 are clearly visible at 4 pA and 8 pA. C, Mutant 
M8M2P has no defined open state since no second peak is discernible from the histogram. 
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Fig. 16  Open time analysis of TRPM8 recorded in inside-out configuration with 1.2 mM 
Ca2+ in pipette solution, and  Ca2+ in bath solution at a holding potential of 60 mV. 
The bin width of histograms was 0.3 ms. Open times are listed in Appendix D. Data were 
pooled from four patches for each condition. A, Before stimulation with agonist, the open 
time distribution of TRPM8 was well described by a mono-exponential function. B, After 
activation with icilin, a biexponential fit was required due to longer open times. The fast 
time constant  corresponds to open  from basal channel activity depicted in A. The slow 
time constant  describes the long-lived open state of TRPM8 induced by icilin.  
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3.2  Mechanosensitivity of human TRPA1 in a recombinant and native expression 
system 
3.2.1 Activation of TRPA1 in HEK293 cells by fluid flow during cell attached-  
configuration 
After establishing the cell-attached configuration, transient channel activity was 
regularly seen in patches from TRPA1-transfected cells. This spontaneous activation 
was most pronounced when intense negative pressure was applied during seal 
formation. Thus, care was taken to avoid rigorous mechanical stress before the start of 
experiments. 
In cell-attached configuration with divalent-free solution in pipette (DVF), and a 
concentration of free Ca2+ in bath solution <10 nM (P10), fluid flow lead to a small and 
slow increase of single-channel acitivity (Fig. 17, A and left table). Mean open 
probability Popen was low before stimulation, and increased by a factor of three over a 
period of three minutes (n=3) after fast perfusion of cells with bath solution. 
With 1.2 mM Ca2+ in pipette solution, the response to fast perfusion was much stronger:  
After a mean time to peak of 9229 s currents increased up to 5814 pA from baseline 
(n=4). Cells were held with a pipette potential of 60 mV in cell-attached configuration, 
resulting in a negative transmembrane potential difference and inward currents. Single-
channel events in the presence of Ca2+ were characterized by a slope conductances = 
713 pS. Experiments show considerable degree of variability between end of perfusion 
and onset of stimulation (Fig. 17, B and C, and right table). This may reflect varying 
distances between perfusion outlet and the position of the cell under study. 
 
 
No. of 
experiment 
n = 
Popen 
before 
stimulation 
Popen 
3 min after 
stimulation 
Popen 
6 min after 
stimulation 
n = tpeak (s) 
Ipeak 
(pA) 
1 0.015 0.038 0.110 1 105.8 79.4 
2 0.010 0.053 0.172 2 109.5 30.9 
3 0.005 0.010 0.025 3 143.4 87.3 
    4 10.0 36.0 
Mean±SEM 0.010 ±0.003 0.03 ± 0.01 0.10 ± 0.04 
 
Mean±SEM 
 
92  29 58  14
Ca2+-free conditions (pipette DVF, bath P10) 1.2 mM Ca2+ in pipette, bath P10 
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10 pA 
0.05 s 
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50 s 
*
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1 s 
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20 s 
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*
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*
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Fig. 17  Mechanical activation of TRPA1 by fluid flow in cell-attached configuration. Fast 
perfusion with bath solution was applied where indicated by the bar. Expanded views start at 
the time indicated by an asterisk in the top trace. Pipette potential was 60 mV, corresponding 
to a negative transmembrane potential. A, Without Ca2+ in bath and pipette solution, only a 
small and slow increase in the frequency of openings occurred after application of fluid flow. 
B and C, Channel activity was boosted in the presence of 1.2 mM Ca2+ in pipette, leading to 
large inward currents after fast perfusion. Note the different delay in the onset of current 
development between experiments B and C.  
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3.2.2 Activation of TRPA1 in HEK293 cells by suction during cell attached-
configuration 
 
Due to variability in perfusion experiments, application of negative pressure by suction 
(-100 cm H2O in the pipette for 2 to 7 s) was used as the standard mechanical stimulus. 
  
When Ca2+ was omitted from bath and pipette solution, open probability was low, and 
suction had only little effect on single-channel activity in cell-attached configuration. 
No unequivocal stimulation of TRPA1 was observed in 8 of 13 single-channel 
experiments. In the remaining experiments, a short-time activation occurred directly 
after suction with a small increase in the frequency of channel openings. No change in 
the unitary amplitude was observed (Fig 18, A). 
 
In cell-attached patches with 1.2 mM Ca2+ in pipette, suction induced current increases 
to a mean peak value of 16±2 pA, and a mean time to peak of 16±7 s (n=12). In the 
presence of 1 M Ca2+ in bath solution (P10*) time to peak was 2719 s (n=4), with a 
Ca2+ concentration < 10 nM in bath solution (P10) time to peak was 114 s (n=8). Since 
mean tpeak and Ipeak were the same range regardless of whether Ca2+ was present in bath 
solution, data from both groups were pooled.  
Channel activation in the presence of Ca2+ in pipette lasted considerably longer than the 
application of negative pressure, but declined over 1 to 2 min to about baseline levels 
(Fig. 18, B). The slope conductances increased from 72±4 pS at basal activity to 100±5 
pS after mechanical stimulation, indicating pore dilation of TRPA1 (n=5-7). 
 
 
 
 
 
n = tpeak  (s) 
Ipeak 
(pA) 
tpeak  
 (s) 
Ipeak 
(pA) 
1 84 23 3 26 
2 6 17 3 12 
3 7 8 4 18 
4 11 17 20 25 
5 - - 4 12 
6 - - 28 9 
7 - - 5 10 
8 - - 21 12 
Mean± SEM 27±19 16±3 11±4 16±2 
 
1.2 mM Ca2+ in pipette, bath P10 1.2 mM Ca2+ in pipette, bath P10* 
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10 pA 
5 s 
10 pA 
0.5 s 
*
10 pA 
20 s *
10 pA 
0.4 s 
   
 
 
suction A 
B 
Fig. 18  Mechanical activation of TRPA1 by suction in cell-attached configuration. 
Negative pressure was applied where indicated by the bar. Expanded views start at the time 
indicated by an asterisk in the top trace. A, Under Ca2+-free conditions, suction lead to a 
transient increase in the frequency of openings. Pipette potential was -60 mV, 
corresponding to a positive transmembrane potential and outward currents. B, In the 
presence of 1.2 mM Ca2+ in pipette, large inward currents were induced which persisted 
after suction. Pipette potential was 60 mV, corresponding to a negative transmembrane 
potential. 
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3.2.3 Activation of TRPA1 in HEK293 cells by suction during inside-out               
 configuration 
 
In inside-out patches, mechanical activation by suction was consistently effective even 
in the absence of Ca2+ from the solutions facing both sides of the membrane. As shown 
in the bottom part of the table, current increase after suction was significantly faster 
with divalent-free solution in pipette (DVF, mean tpeak = 31 s), compared to mechanical 
activation in the presence of 1.2 mM Ca2+ in pipette solution (BP1, mean tpeak = 2911 s, 
p=0.005). Peak currents after suction showed a tendency towards smaller currents with 
Ca2+ in pipette solution, but this difference was not statistically significant. 
When 1 M Ca2+ was added to intracellular solution (P10*), there was no statistically 
significant effect found on mean time to peak or peak current, as presented in the upper 
part of the table. Thus, data were pooled from experiments with BP1 in pipette, and 
P10*/P10 in bath solution to yield a mean time to peak, and mean peak current for 
comparison with Ca2+-free conditions (DVF/P10). An overview of experiments included 
in the analysis is provided in Appendix E. 
 
Pipette 
solution 
Bath 
solution 
 
tpeak 
(s) 
Mean± SEM 
 
 
Ipeak 
(pA) 
Mean±SEM 
 
n 
DVF <10 nM Ca2+    (P10) 3  1 31  7 10 
DVF 1 M Ca2+   (P10*) 8   6 50  40 2 
1.2 mM Ca2+ (BP1) <10 nM Ca2+   (P10) 14   9 18  1 2 
1.2 mM Ca2+ (BP1) 1 M Ca2+   (P10*) 38   17 12  4 3 
 
 
Pipette 
solution 
 
 
Bath 
solution 
 
tpeak 
(s) 
Mean± SEM 
 
 
Ipeak 
(pA) 
Mean± SEM 
 
 
n 
DVF <10 nM Ca2+    (P10) 3  1 31  7 10 
1.2 mM Ca2+ (BP1) Pool P10, P10* 29   11 14  2 5 
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In 7 of 12 experiments with DVF in pipette solution, an increase of unitary current 
amplitude was observed during suction at constant holding potential. The increase in the 
conductance from the baseline value of 83±3 pS to 166±2 pS during suction is 
consistent with a pore dilation (Fig. 19; n = 4-6, see Appendix E). In 4 of 7 experiments 
with DVF in pipette, the increase of unitary current amplitude was reversible after 
suction, in the remaining cases pore dilation persisted until the end of experiment (Fig. 
20, A and B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pore dilation of TRPA1 after mechanical activation was confirmed in further 
experiments with NMDG+ as main extracellular cation. At basal conditions, no ion 
channel events were observed. After application of suction at a holding potential of -60 
mV, inward currents carried by NMDG+ were induced with a smaller conductance 
compared to the corresponding currents in the outward direction carried by Cs+. Those 
small openings were also seen with NMDG+ in pipette after stimulation of TRPA1 with 
30 M AITC at a holding potential of -60 mV (Fig. 21, A and B; n = 3). The slope 
conductance s,inward of currents in the inward direction carried by NMDG+ and 1.2 mM 
Ca2+ was estimated as 8.2±0.4 pS, outward currents carried by Cs+ in the presence of 1 
µM Ca2+ had a slope conductance s,outward of 107±9 pS. 
Fig. 19  Unitary current amplitudes of TRPA1 in inside-out configuration before and after 
mechanical activation by suction. The pipette contained divalent-free solution with 10 mM 
EGTA, the bath solution was 145 mM Cs-glutamate with 10 mM EGTA . Data are pooled from 
4-6 patches. The steeper line was obtained after stimulation when maximal current amplitudes 
were observed.  
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10 pA 
1 s 
10 pA 
10 s 
10 pA 
4 s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 20  Mechanical activation of TRPA1 under Ca2+-free conditions in inside-out configuration. 
Suction was applied where indicated by the bar. The pipette solution was divalent-free with 10 
mM EGTA. The bath solution contained 145 mM Cs-glutamate with 10 mM EGTA. A, Pore 
dilation of TRPA1. During suction a gradual increase of unitary current amplitude was 
observed. The holding potential was +60 mV. Data were low-pass filtered by 300 Hz for display 
purpose. B and C, Long lasting stimulation of TRPA1 after suction in two patches at different 
holding potentials. Large current amplitudes persisted after termination of suction. Holding 
potential was -60 mV in B and 60 mV in C. 
O 
C 
suction A 
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*
2 pA 
2 s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 21 A, Permeation of NMDG+ through TRPA1 after mechanical activation, indicating 
pore dilation. Holding potential was -60mV. Upper trace: Inside-out patch showing small 
openings stimulated by suction (bar). Middle: Time-expanded view of the upper trace, 
starting at the asterisk. Lower: For comparison, channel events were induced with 30 µM 
AITC in another inside-out patch. B, Corresponding current-voltage relationship of TRPA1. 
The pipette solution contained NMDG+ as main cation with 1.2 mM Ca2+, the bath solution 
was Cs-glutamate with 1 µM Ca2+. Data are pooled from 3 patches.  
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3.2.4 Activation of TRPA1 in human embryonal lung fibroblasts by suction     
during cell attached-configuration 
 
Since mechanical activation of TRPA1 so far had been established in a heterologeous 
expression system, a native cell line was studied for comparison of responses to 
membrane deformation. The human fibroblast cell line WI-38 endogenously expressing 
TRPA1 was chosen, along with its variant VA13 subline 2 RA as control which has lost 
TRPA1 by transformation. 
 
Due to strong adherence of fibroblast cells to surfaces, application of fluid flow did not 
lead to visible cell deformation or current development. Therefore, application of 
negative pressure served as mechanical stimulus. The limited flexibility of the fibroblast 
cell membrane prevented inside-out measurements, attempts to excise a small patch 
after establishing cell-attached configuration have so far been unsuccessful. 
 
Single-channel experiments on cell-attached patches from WI-38 cells evoked channel 
openings during periods of suction (-100 cm H2O), similar to analogous experiments on 
TRPA1-expressing HEK293 cells. In particular, the kinetics of current development was 
undistinguishable, as were appearance of openings, and dwell times of channel events 
(Fig. 22, A). Moreover, increases in unitary conductance during application of negative 
pressure were indicative of pore dilation of TRPA1 in the human fibroblast cell line 
(Fig. 22, B; n=7 of 9 experiments). The slope conductance s (which is difficult to 
determine in the absence of a defined transmembrane potential, as is the case for the 
cell-attached configuration) was estimated as 126±8 pS after suction (n=3-7) with 1.2 
mM Ca2+ in pipette solution, and 1 µM Ca2+ in bath solution. With NMDG+ in pipette, 
currents in the outward direction were characterized by a slope conductance of 75±5 pS, 
whereas small inward currents were estimated as 5±1 pS in human embryonal lung 
fibroblasts after suction (n=3). 
 
After mechanical activation of TRPA1 endogenously expressed in WI-38 cells, channel 
activity could be further stimulated by AITC and finally blocked by HC-030031 (n=5). 
 
In control cells from VA 13 subline 2 RA, no increase of ion channel activity was 
observed after application of suction (n=6). 
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Fig. 22  A, Comparison of TRPA1 activation by mechanical stress in a recombinant and native 
expression system. After short suction in cell-attached configuration, kinetics of current 
activation, and appearance of openings are similar in HEK293 cells transfected with TRPA1 
(upper trace), and in the human fibroblast cell line WI-38 (lower trace). HEK293 cells were held 
at a pipette potential of 60mV, resulting in a negative transmembrane potential difference and 
inward currents. 1.2 mM Ca2+ were present in pipette solution, bath solution was 145 mM Cs-
glutamate with 10 mM EGTA. WI-38 cells were held at a pipette potential of 90 mV with 1.2 
mM Ca2+ in pipette, and 1 M  Ca2+ in bath solution.  B,  Application of constant negative 
pressure leads to pore dilation in human fibroblasts naturally expressing TRPA1 (upper trace). 
During suction unitary amplitudes increased strongly, and returned to baseline conductance 40 s 
after the end of stimulation. The lower trace is a time-expanded view of channel openings during 
suction, starting at the asterisk. Fibroblasts were studied in cell-attached configuration at a 
pipette potential of -30 mV, free Ca2+ concentration was 1 M  in bath, and 1.2 mM in pipette. 
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3.2.5 Activation of pore mutant D915A of TRPA1 in HEK293 cells by suction  
 
Previous results from this work suggested that the presence of Ca2+ on the outer side of 
the membrane, and its influx were decisive elements in the course of mechanical 
activation of TRPA1. In order to elucidate the role of Ca2+ in the activation process, the 
channel mutant D915A was studied. This pore mutation of TRPA1 leads to a strongly 
reduced Ca2+ permeability, in rat TRPA1 the reduction was by a factor of about 40.  
 
Single-channel analysis of TRPA1-D915A in cell-attached and inside-out patches 
revealed smaller unitary current amplitudes at baseline activity than wild type (n=18). 
After suction, only short-lasting activation was observed which was frequently 
accompanied by an increase in the unitary current amplitude. Due to the brief life time 
of the dilated pore state in D915A, a detailed analysis of the singe-channel conductance 
was not possible. Compared to TRPA1, mutant channel openings were less defined in 
D915A after suction, and consistently showed a smaller amplitude even in the dilated 
state (Fig. 23, A and B). Mechanical stimulation resulted in enhanced channel activity of 
TRPA1-D915A over short periods, irrespective of whether Ca2+ was present on the 
outside of the cell membrane. In total, increased unitary amplitudes were found after 
application of negative pressure in the presence of extracellular Ca2+ (n = 3/5 cell-
attached patches, n = 2/3 inside-out patches), as well as with Ca2+-free solution in 
pipette (n = 3/7 cell-attached patches, 1/3 inside-out patches). 
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Fig. 23 A, Mechanical activation of the mutant D915A of TRPA1 with diminished Ca2+
permeability in an inside-out experiment. Suction was applied where indicated by the bar. The 
solutions contained 1.2 mM Ca2+ in pipette, and 1 µM Ca2+ on the bath site. B, Comparison of 
time-expanded traces of mutant D915A and wild-type TRPA1 before and after suction. Unitary 
current amplitudes were generally smaller in D915A than in wild-type TRPA1, but were still 
increased by suction. Holding potential was 60 mV for all traces. 
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3.3 Comparison of single-channel recordings from TRP channels in HEK293 cells 
with synthetic lipid bilayer recordings 
 
In this chapter, exemplary traces from my single-channel recordings of TRPM2, 
TRPM8 and TRPA1 are compared with selected sections from protein-free lipid bilayer 
recordings using the droplet method (Hanke et al., 1984). The lipid mixture 
DMPC:DLPC=10:1 displays a phase transition close to room temperature where 
conductance studies were carried out. Permeability experiments with synthetic 
membranes were performed by Katrine Rude Laub, Master student in the group of 
Thomas Heimburg, Niels Bohr Institute, University of Copenhagen, Denmark.  
Planar lipid bilayer membranes were formed on the tip of a glass pipette filled with 
electrolyte solution. The tip was in contact with the surface of a beaker filled with the 
same electrolyte solution. Lipids were dissolved in a hexane/ethanol mixture, and then 
brought into contact with the outer surface of the glass pipette. With the solution 
flowing down the pipette, a membrane formed spontaneously at the tip. After 
evaporation of the solvent, the pipette was lowered below the bath surface. The main 
advantage of this method is that the resulting synthetic membrane is practically solvent 
free.  
Current recordings on lipid bilayers were performed with an instrumental setup 
comparable to the one used in this work, consisting of an Axopatch 200B amplifier with 
CV 203BU headstage mounted on a SM1 micro-manipulator for control of the pipette, 
and the recording electrode. The reference electrode was in contact with electrolyte 
solution in the beaker. Both electrodes were made of chlorinated silver wires. Headstage 
and micro-manipulator were wrapped in a meshed metal cloth acting as a Faraday cage. 
To facilitate the comparison of traces recorded from synthetic lipid bilayers and cell 
membranes containing TRP channel proteins, in the following figures current and 
voltage signals are depicted as recorded with Clampex software. Notwithstanding the 
common physiological convention refering to the cell’s perspective, current traces are 
not inverted and voltage signals are given as pipette potential (U=Vcmd). 
The current recordings from artificial membranes showed various behaviors including 
single channel openings, conductance bursts and flickering (Katrine R. Laub, Master 
thesis, 2011). Occasionally, several of these phenomena were found in the same 
recordings. The occurrence of these events was dependent on the recording conditions 
(temperature, voltage, membrane tension, geometry of pipette).  
Below, a juxtaposition of protein and lipid channel events is presented. Each current 
trace is accompanied by the corresponding all-point histogram. The scaling of time and 
current axes was adapted for display purpose. 
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3.3.1 Single-step openings 
 
Single-channel currents are stepwise conductance changes deviating from of a baseline. 
Fig. 24, A (top) shows single channel events recorded from a DMPC:DLPC=10:1 
membrane with current steps of about 3.3 pA at a voltage of +200 mV (corresponding to 
a conductance of	 17 pS) at a temperature of 20.6° C. Fig. 24, B (center) shows an 
inside-out recording from a HEK293 cell overexpressing hTRPM2 after activation by 5 
mM H2O2. Single-step openings of about 3.1 pA were observed at a pipette potential of 
-60 mV, corresponding to a conductance of 52 pS. Fig. 24, C (bottom) shows the 
hTRPM8 channel in a HEK293 cell activated by 5 M icilin at a voltage of -60 mV in 
inside-out configuration. Single-channel openings had a current amplitude of 5.1 pA, 
corresponding to a conductance of 85 pS. While the openings of TRPM2 are very long 
compared to TRPM8, both TRP channels show relatively short openings compared to 
the above trace from the synthetic membrane. Obviously, in case of TRP channels, open 
time is determined by the channel protein expressed in the cell membrane. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 24  Comparison of stepwise conductance changes from a synthetic bilayer recording and 
single-channel traces of recombinantely expressed TRP channels with the corresponding 
histograms. The top trace from the protein-free lipid membrane (A) was recorded in 
symmetrical 150 mM KCl using the droplet method. TRP channels expressed in HEK293 cells 
were recorded in inside-out configuration of the patch-clamp technique (B,C). Middle trace: In 
B, pipette solution contained 1 M Ca2+, bath solution 1.2 mM Ca2+. After activation of TRPM2 
by 5 mM H2O2 in cell-attached configuration, the patch was excised. Bottom trace: TRPM8 
activated by 5 M icilin was recorded with 1.2 mM Ca2+ in pipette, and 1 M Ca2+ in bath (C). 
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3.3.2 Bursts 
 
Periods of repetitive channel activity separated by long closures are called "bursts". Fig. 
25, A (top) shows a burst from a synthetic DMPC:DLPC=10:1 membrane recorded at 
200 mV and T=21° C. The histogram indicates approximately evenly spaced 
conductance levels with an individual step size of 6.8 pA (34 pS). The bursting behavior 
ended after 7 seconds in this protein-free lipid bilayer recording. Fig. 25, B (bottom) 
shows a burst from a HEK293 cell membrane containing the hTRPM8 channel activated 
by 7.5 M WS-12 at a voltage of -60 mV in cell-attached configuration. The bursting 
behavior of TRPM8 occured for several minutes after the activator was given, only a 
short section of the recording is shown. The histogram of the biological channel consists 
of approximately equally spaced steps of -3.5 pA (58 pS). During the burst of the 
synthetic membrane large current amplitudes of short duration appeared which were not 
seen with TRPM8 channels, indicating a high variability of pores in case of the pure 
lipid membrane. 
 
 
 
 
 
 
 
 
 
 
 
. 
 
Fig. 25  Bursting behavior recorded from a synthetic membrane compared to a multichannel 
patch of TRPM8 after chemical stimulation with the corresponding current histograms. The top 
trace is a section from a permeability measurement of a lipid bilayer (A) composed of 
DMPC:DLPC=10:1 (150 mM KCl, T=21°C) at a voltage of 200 mV. The bottom trace shows a 
burst from TRPM8 (B) in cell-attached configuration at a pipette potential of -60 mV after 
addition of the menthol derivative WS-12. In B, pipette solution was Cs-glutamate with 10 mM 
EGTA (P10), the bath solution contained 1.2 mM Ca2+  + 7.5 M WS-12.  
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 3.3.3 Flickering 
 
Flickering resembles a burst with a single conductance step, characterized by fast 
current switching between open and closed state. The top trace (Fig. 26, A) shows a 
flickery opening from a synthetic DMPC:DLPC=10:1 membrane, the lower trace (Fig. 
26, B) shows hTRPA1 in a HEK293 cell membrane recorded in cell-attached 
configuration. The flickering event in the artificial membrane occured at 350 mV and 
20.8°C, and lasted for about 6 seconds. The step size was 10.2 pA, corresponding to a 
single-channel conductance of 23 pS. The trace of TRPA1 was recorded at a pipette 
potential of 60 mV, and showed a unitary current of 7.4 pA, corresponding to a single-
channel conductance of 123 pS. Strikingly, the open channel noise of TRPA1 is 
consistently large and uniform during the flickering event, whereas in the current 
recording of the artifical membrane open channel noise is diverse in different sections. 
This indicates that pores in protein-free synthetic bilayers can show a broader variation 
in lifetime and stability compared to ion channel openings from proteins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 26  Flickery openings from a synthetic lipid membrane compared to TRPA1 channel 
activity, and the corresponding current histograms. The top trace is part of a lipid bilayer 
recording (A) with DMPC:DLPC=10:1 (150 mM KCl, T=20.8°C) at a voltage of 350 mV. The 
bottom trace shows TRPA1 in a HEK293 cell membrane recorded in cell-attached 
configuration at a pipette potential of 60 mV. In B, pipette solution contained 1.2 mM Ca2+, 
bath solution was Cs-glutamate with 10 mM EGTA  (P10). 
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3.3.4 Spikes 
 
The following Fig. 27 shows channel openings which are so brief that they were mostly 
not fully resolved, leading to a pattern of spike-like appearance with variable single-
channel amplitudes truncated by low-pass filtering. The upper trace (Fig. 27, A) is from 
a DMPC:DLPC=10:1 membrane recorded at 150 mV and 23° C, and shows spikes with 
an amplitude of 4-5 pA corresponding to about 30 pS. The lower trace (Fig. 27, B) is 
from a cell-attached recording of an HEK293 cell containing the hTRPM8 channel at a 
pipette potential of 60 mV. Without chemical activator, TRPM8 basal channel activity is 
characterized by a low open probability, and a short-lived open state. Current spikes 
have an amplitude of about 2-3 pA, corresponding to a conductance of about 33 pS. The 
limited time resolution of the recording system (2 kHz bessel filter) may have lead to an 
underestimation of the mean current related to the spikes.  
 
 
 
 
 
  
 
 
 
 
Fig. 27  Short-lived channel openings recorded from a synthetic bilayer, and from TRPM8 
channel with low open probability. The corresponding current histograms are given. The top 
trace (A) shows spikes appearing in a synthetic bilayer recording from DMPC:DLPC=10:1 
(T=23°C, 150mM KCl, 1mM EDTA, 2mM HEPES, pH 7.4) at a voltage of 150 mV. In the 
bottom trace (B) spikes are depicted from hTRPM8 in a HEK293 cell recorded in cell-attached 
configuration at a pipette potential of 60 mV. Pipette solution was Cs-glutamate with 10 mM 
EGTA, bath solution contained 1.2 mM Ca2+. 
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3.3.5 Multi-Step Openings 
 
Figure 28 is a juxtaposition of a multi-step conductance in a synthetic lipid membrane 
and of hTRPA1 channel activated by 30 M allylisothiocyanate (AITC) in a HEK293 
cell membrane. The artifical bilayer displays at least four clearly distinguishable, and 
equally spaced current levels with a conductance of 34 pS (Fig. 28, A). The histogram of 
the protein channel shows four visible steps (Fig. 28, B). Since the two small peaks of 
the lower histogram are diffuse, two interpretations are feasible: In accordance with the 
upper histogram, four identical steps may be identified with a mean conductance per 
step of approximately 28 pS. Alternatively, this pattern of channel activity may be 
interpreted as long-lived openings of endogenous channels from HEK293 cells (Doerner 
et al., 2007), or as a subconductance state of TRPA1 with a small amplitude (2 pA) and 
overlying larger amplitudes of approximately 5 pA stemming from the main 
conductance state of TRPA1 with flickery openings (Nagata et al., 2005). 
 
 
 
 
 
  
 
 
 
 
 
Fig. 28  Complex activation pattern found in a pure lipid membrane, and after chemical 
stimulation of TRPA1. The upper trace (A) is from a DMPC:DLPC=10:1 membrane 
(T=20.6°C, 150mM KCl, 1mM EDTA, 2mM HEPES, pH 7.4) held at a voltage of 200 mV. The 
lower trace is an inside-out recording of hTRPA1 in a HEK293 cell after stimulation with 
AITC at a pipette potential of -60mV. In B, free Ca2+ concentration was 1.2 mM in pipette, and 
1 M in bath solution. Post-recording low-pass filtering with 500 Hz was applied. 
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4  Discussion 
4.1 Exchange of the S5-pore-S6 domain influences differently the gating 
characteristics of human TRPM2 and TRPM8 
In the gating process of voltage-activated ion channels, the voltage sensors undergo 
conformational changes upon depolarisation, which leads to opening of the channel pore 
(Yellen, 2002; Long et al., 2005; Tombola et al., 2006). TRP channels are polymodal 
sensors which transduce physical and chemical stimuli into conformational changes of 
the channel protein and pore opening. Molecular details of TRP channel gating 
mechanisms are largely unknown, involving a functional interaction of sensor domains 
with the ion channel pore during the activation process.  
The two channels TRPM2 and TRPM8 are closely related but gated by different stimuli. 
While TRPM8 is a voltage-activated channel, TRPM2 gating is devoid of voltage-
dependence. The classical voltage sensors of Kv, Nav and Cav channels have a number 
of cationic residues which is markedly reduced in the putative voltage sensors of TRP 
channels. Since the pattern of basic residues in S4-S5 region is conserved in TRPM2 
and TRPM8 (Voets et al., 2007), the opposing voltage-dependency may result from pore 
differences. Therefore, pore chimeras of TRPM2 and TRPM8 were 
electrophysiologically characterized in this work in order to elucidate the role of the 
pore region in single-channel gating. 
The results of this study show a strong functional impairment of pore mutant M8M2P 
which had the TRPM2 pore inserted into TRPM8. Only after high concentrations of 
TRPM8 agonists (menthol + icilin) single-channel activity was evoked. Currents were 
characterized by persistent outward rectification and a noisy appearance with bursts of 
differing amplitudes and lifetimes. Cold activation was abolished in M8M2P (Kühn et 
al., 2010). The lack of a unitary current amplitude, as is evident from the all point 
histogram of M8M2P, demonstrates that open-state stabilization is severely limited in 
the mutant channel, presumably due to uncoupling of voltage sensor and pore, which is 
reflected in irregular acitivity on the single-channel level.  
These findings indicate that the gating of cold and menthol receptor TRPM8 is 
dependent on a coupling between the putative voltage sensors and the pore region. This 
corroborates the hypothesis that strong interplay between voltage-sensing domains and 
pore domain underlies the function of voltage-gated channels (Chakrapani et al., 2008). 
It was suggested for Shaker K+ channels that the pore exerts a mechanical load onto the 
voltage sensor during activation, which is released after pore stabilization (Haddad and 
Blunck, 2011). If the pore is not stabilized in the open state, the mechanical load onto 
the voltage sensor remains, resulting in a shift in the voltage dependence (Haddad and 
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Blunck, 2011). The same may be relevant for M8M2P since the shift of the voltage-
dependence of activation induced by chemical stimuli was attenuated for the pore 
chimera, as is apparent from the increased agonist concentration required for stimulation 
of M8M2P in comparison to TRPM8. 
Analysis of the reciprocal pore mutant M2M8P reveales that, in contrast to M8M2P, 
characteristic features of TRPM2 gating initiated by ADPR were preserved after pore 
exchange with that of TRPM8. TRPM2 has an open probability approaching unity, 
arising from long open durations intermitted by very short channel closures. This fast 
gating behavior is usually not fully resolved by the limited time resolution of the 
recording system, leading to a considerable amount of open-channel noise. Exemplary 
traces and open time histogram analysis demonstrate that the M2M8P chimera displays 
basically the same pattern of channel activity as TRPM2, showing long open times 
interrupted by fast closings. These findings are interpreted as follows. The channel 
behavior of both TRPM2 and M2M8P is governed by two types of gating. The first gate 
is responsible for long openings and high open probability. The second gate causes fast 
closings, incompletely resolved by the recording system. The second gate is responsible 
for the difference between TRPM2 and M2M8P. In TRPM2, the fast closings are more 
frequent, leading to an apparantly higher open channel noise than in M2M8P. Since the 
difference between TRPM2 and M2M8P is in the pore, it appears that the fast gating 
occurs within the pore. 
Furthermore, at strong hyperpolarization, a reduction of inward current carried by 
M2M8P was observed (Kühn et al., 2010). This behavior is reminiscent of outward-
rectifying TRPM8, although the voltage where channel opening is obstructed was 
shifted in case of M2M8P. In order to study this behavior in more detail, single-channel 
current recordings were performed. The unitary conductance of M2M8P was not 
reduced by hyperpolarization, ruling out the possibility that the reduction of inward 
current at strongly negative holding potentials is caused by a decrease in single-channel 
current amplitude. Indeed, results from this study demonstrate voltage-dependent gating 
of M2M8P at strong hyperpolarization. In voltage-step experiments, channel openings 
of M2M8P showed an increase in closure time; i.e. closed-state stabilization. Analysis 
of closed time histograms revealed the presence of a long-lived closed component at 
strongly negative holding potentials. The proportion of this second component increased 
from -120 mV to -140 mV, as a result the mutant channel dwelled for a longer time in 
the closed state and the open probability decreased, leading to a reduction of inward 
currents. In a recent single-channel kinetic model for voltage- and cold-dependent 
gating of TRPM8, closed-state stabilization was established as a mechanism for 
diminishing channel activity at elevated temperatures and small depolarisations 
(Fernández et al., 2011).  
The increase in the closed time of M2M8P at hyperpolarization supports the previous 
interpretation that the pore gate determines the closing behavior. 
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In the M2M8P chimera, the pore of TRPM8 confers voltage sensitivity to TRPM2, 
suggesting that voltage-sensing elements are present in parental TRPM2 as well. In the 
wild-type channel, they are functionally insignificant due to lack of a suitable structural 
counterpart in the native pore region of TRPM2. It is assumed that voltage sensors are 
enabled by coupling to the mutant pore in chimeric M2M8P. By the same token, 
spontaneous mutations of the pore sequences might endow TRPM2 voltage sensitivity. 
This is in keeping with the suggestion that TRPM8 has evolved from an ancestral 
TRPM2-like channel and that the loss of the NUDT9 domain in evolution may have 
brought about novel regulatory mechanisms of TRPM channels (Mederos y Schnitzler 
et al., 2008). This may also imply the evolutionary emergence of new mechanisms of 
ion channel gating governing activity of TRPM8.  
In conclusion, voltage-independent gating of TRPM2 is robust and versatile, since 
exchange of the S5-pore-S6 region with that of TRPM8 did not lead to major alterations 
in the single-channel properties of M2M8P. In particular, these results demonstrate that 
the open time of TRPM2 does not represent an intrinsic property of the pore. Rather, yet 
unidentified processes outside of the pore region determine the kinetics of pore 
openings and closings. In M2M8P, voltage-dependent gating appeared at strong 
hyperpolarization due to interaction of the voltage sensor of TRPM2 and the pore region 
of TRPM8. In contrast, voltage sensitivity of S4-S5 does not contribute to TRPM2 
gating under normal conditions. It has not been resolved how TRPM2 is gated after 
binding of ADPR to the C-terminal Nudix domain. Identical activation of M2M8P and 
TRPM2 in contrast to the impaired activation of M8M2P compared to TRPM8 
demonstrates that there are distinct gating mechanisms for TRPM8 and TRPM2. The 
capability of pore domains to function in various gating scenarios after minor structural 
modifications may be an important prerequisite for the emergence of new activation 
mechanisms within the evolution of the TRP channel family. Future mutagenesis 
approaches such as exchanges of pore domains between different members of the TRP 
family will reveal whether this flexible gate in the S5-pore-S6 region is present as a 
common feature, allowing for the broad activation scenarios and diverse biological roles 
which characterize this family of ion channels. 
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4.2 Human TRPA1 is a channel activated by membrane deformation 
 
In this thesis, activation of human TRPA1 channel is demonstrated after mechanical 
stimulation of the cell. The expression of TRPA1 lead to typical mechanoactivated  
currents in HEK293 cells which were not observed after expression of TRPM8 or 
TRPM2. Mechanosensitivity of TRPA1 was confirmed in a native human fibroblast cell 
line. In contrast, native or vector-transfected HEK293 cells did not show characteristic 
mechanoactivated currents in control experiments.  
 
In cell-attached configuration, mechanical stimulation of TRPA1 was not only 
dependent on membrane deformation, but also on Ca2+ as an essential co-factor. 
Application of fluid flow or negative pressure to HEK293 cells overexpressing TRPA1 
produced only minimal current responses in cell-attached configuration when Ca2+ was 
omitted from the pipette solution. However, channel activity was boosted in the 
presence of 1.2 mM Ca2+ in the pipette, leading to large inward currents after 
mechanical stimulation. These results suggest that mechanical stress is the primary 
stimulus which is strongly enhanced under cell-attached conditions by Ca2+ influx 
through TRPA1. On the other hand, the activation declined to baseline levels on a longer 
time scales. This is in keeping with the findings that TRPA1 is first potentiated and then 
inactivated by permeating calcium ions (Wang et al., 2008). 
 
TRP-4, a TRPN (NOMPC) subfamily channel, was reported to develop currents very 
rapidly upon mechanical stimulation with a latency and activation time constant in the 
range of microseconds (Kang et al., 2010). In contrast, as demonstrated in this thesis, 
development of TRPA1 currents is much slower, occurring in the range of seconds. As 
is apparent from cell-attached experiments, in its native cellular environment, TRPA1 is 
a poor mechanosensor whose susceptibility is strongly tuned by Ca2+. These findings 
corroborate the proposed function of TRPA1 as a polymodal nociceptor signalling 
menacing effects of membrane deformation (Kwan et al., 2006; García-Añoveros and 
Nagata, 2007).  
 
In order to examine whether mechanical activation of TRPA1 was dependent on the 
expression system, experiments were performed with the human embryonal lung 
fibroblast cell line WI-38 which endogenously expresses TRPA1 channels (Hu et al., 
2010). As negative control, a subline of WI-38 cells (VA13-2RA) was used that had lost 
TRPA1 during transformation (Jaquemar et al., 1999). Single-channel recordings in cell-
attached configuration in both types of controls confirmed channel activation 
characteristic exclusively for TRPA1, indicating that mechanosensitivity is a general 
property of cells expressing TRPA1. 
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In inside-out patches with human TRPA1 expressed in HEK293 cells, mechanical 
activation by suction was as effective as in the cell-attached configuration when Ca2+ 
was in the pipette. Most surprisingly, however, the response was much faster in the 
absence of Ca2+  in pipette solution. These results may be explained by the loss of a 
restraining effect of the cytoskeleton to mechanogating of TRPA1 and the loss of the 
inhibitory effect of Ca2+ on TRPA1 activity. The restraining effect of the cytoskeleton is 
in keeping with the suggestion that in TRPA1, the N-terminal ankyrin repeat-rich 
domain is an integrator of diverse stimuli and specifies channel sensitivity (Cordero-
Morales et al., 2011), moreover, this region of the channel is hypothesized to act as a 
gating spring, tethering the channel to the cytoskeletal matrix (Sotomayor et al., 2005). 
The slow response with Ca2+  in the pipette is attributed to the fact that before start of the 
experiment proper the channel underwent a cycle of activation and inactivation. To 
reopen TRPA1 from this long-lasting inactivated state requires a certain delay which is 
absent without Ca2+  in the pipette.  
 
Hamill and McBride pointed out that under conditions of excessive mechanical stress 
disruption of membrane-cytoskeleton interactions may lead to hyper- or hypo-
mechanosensitivity depending on the channel and the cell type. In snail neurons, the 
latency for activation of K+-selective currents was drastically reduced by pretreating the 
cell with cytochalasin to disrupt the actin cytoskeleton interactions (Small and Morris, 
1994). To experience a gain in mechanosensitivity upon loss of membrane-cytoskeleton 
interactions, the channel must be able to be gated directly by tension developed within 
the bilayer (Hamill and McBride, 1997). In order for the bilayer tension to affect the 
open probability of a channel, its open-closed conformational change has to be 
accompanied by a change in the membrane area (Hamill and McBride, 1997). Loss of 
the constraining effect of the cytoskeleton will increase tension transmitted to the 
channel leading to hyper-mechanosensitivity (Hamill and McBride, 1997). Results 
obtained in this thesis are consistent with TRPA1 sensing mechanical forces directly 
within the lipid bilayer, presumably involving interactions at the protein-lipid interface 
which govern channel gating. 
 
Upon chemical stimulation, TRPA1 displays pore dilation, a reversible process allowing 
permeation of large cations such as NMDG+ and cationic dyes such as Yo-Pro (Chen et 
al., 2009; Banke et al., 2010). In this thesis, it is shown for the first time that pore 
dilation of TRPA1 can also be induced by mechanical activation and that this change in 
pore properties is reflected on the single-channel level in an increase of unitary current 
amplitude during suction. Maximal current amplitudes were observed after stimulation 
in inside-out configuration, in line with the arguments presented above.  
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The pore mutant D915A with strongly diminished Ca2+ permeability was characterized 
by a smaller unitary current amplitude at baseline and after mechanical stimulation, 
moreover, activation was short-lasting, preventing a detailed biophysical analysis of the 
dilated pore state. Pore dilation was occurring independently of extracellular Ca2+ in 
D915A and TRPA1 wild-type channel. This suggests that appearance of a large pore is 
the primary step in mechanical activation, which is followed by increased permeation of 
Ca2+, thus providing a mechanism for transient signal amplification. 
 
In conclusion, these results establish mechanogating of human TRPA1 in the context of 
voltage-independent gating of this polymodal sensory ion channel. TRPA1 is a high- 
threshold mechanosensor that acts cooperatively with Ca2+, and therefore integrates 
painful mechanical stimuli with other noxious signals.  As demonstrated in this study,  
mechanogating of TRPA1 does not require the integrity of the cytoskeleton, in fact, the 
intact cytoskeleton exerts a mechanoprotective effect on TRPA1. These results imply 
that the activating force is transmitted via the bilayer. It is likely that the interaction of 
the channel protein with the lipid interface is altered by membrane deformation, 
eventually leading to channel gating. Since membrane curvature can be easily 
manipulated by the use of lipid mixtures in bilayer experiments, future studies on the 
mechanical activation of TRPA1 embedded in artificial bilayers will contribute to a 
better understanding how changes in the lateral pressure profile at the protein-lipid 
interface trigger TRPA1 opening. Moreover, site-directed mutagenesis approaches 
aiming to provide further mechanistic insight into the role of Ca2+ in the 
mechanosensitivity of TRPA1 should primarily target residues in the N-terminal EF-
hand Ca2+-binding domain and in the cluster of acidic residues in the distal C-terminus, 
as this regions have been shown to be involved in Ca2+-dependent regulation of TRPA1 
activity (Doerner et al., 2007; Zurborg et al., 2007; Sura et al., 2012).  
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4.3 The phenomenology of TRP channels and pure lipid membranes  
 
Biological membranes are many-component systems characterized by complex phase 
behavior and phase diagrams with lateral phase separation regions (Mouritsen, 1987). 
Lipid bilayer models show small-scale heterogenity of membranes and domain 
formation closed to the main phase transition temperature (Mouritsen, 2004; Heimburg, 
2007). Diverse patterns arise as a consequence of the competition between the line 
tension of the lipid domains and the long-range electrostatic interaction between 
different domains (Mouritsen, 2004). Pattern formation is most impressive near the 
critical point due to strong density fluctuations: lipid domains of different sizes appear, 
in the range of tens to hundreds of nanometers. These domains consist of liquid as well 
as solid-phase lipids (Mouritsen, 2004). At the phase transition and in the phase 
separation region of a lipid mixture, permeability is large as a result of packing defects 
in the bilayer, which  emerge in the interface between adjacent domains from mismatch 
of gel and fluid lipid domains (Cruzeiro-Hansson and Mouritsen, 1988). Domain 
formation is highly dynamic as lipid clusters are continuously created and annihilated 
and persistently fluctuate in size (Ipsen et al., 1990). However, kinetically caused 
metastability of lipid-chain conformations can facilitate the formation of long-lived 
clusters in the transition region (Mouritsen, 1987). This increased cluster lifetime may 
lead to transient stabilization of lipid pores. 
Phase transitions in lipid membranes can be triggered by changes in temperature, 
pressure, pH, ionic strength, as well as by alterations in the chemical composition of the 
membrane and by changes in the electric field across the membrane (Mouritsen, 1987; 
Heimburg, 2007). In the present work it is shown that current recordings from protein-
free lipid bilayers driven into the melting transition by voltage display a wide spectrum 
of ion channel-like events, including current steps, bursts, spikes, flickering and multi-
step openings. These findings are in line with previous permeability studies performed 
with synthetic membranes which revealed quantized currents without the presence of 
channel-forming proteins (Yafuso et al., 1974;  Antonov et al., 1980; Gögelein and 
Koepsell, 1984; Yoshikawa et al., 1988; Kaufmann et al., 1989; Woodbury, 1989; 
Blicher et al., 2009; Wunderlich et al., 2009).  
This study is the first to demonstrate that bilayer-related conductance changes due to the 
facilitated formation of lipid pores during the chain-melting transition bear a similarity 
with single-channel activity of TRPM2, TRPM8 and TRPA1. On the basis of short 
current traces, no easy decision can be made whether quantized currents originate from 
a channel protein or from a pure lipid membrane. However, lifetimes and conductances 
of these “lipid channels” show dynamic variations, current activity may differ widely 
from one recording to another and may even change spontaneously during the course of 
a single experiment. 
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The occurrence of “lipid channels” in pipette experiments was lacking the predictability 
of behavior seen with protein ion channels, as conductance events in pure lipid 
membranes appeared under varying experimental conditions with different pipettes. 
This may be partly explained by an influence of the glass pipette on the phase behavior 
of lipid bilayers. A shift of the melting transition was observed after the contact of a 
lipid membrane with glass or mica (Yang and Appleyard, 2000). Therefore, the melting 
behavior of lipids may vary in dependence on the exact surface features of the pipette 
perimeter. Furthermore, the large variety of ion channel-like activity observed in 
protein-free lipid bilayers may reflect different points in the phase diagram of the lipid 
mixture. Finally, domain sizes of lipid mixtures in the transition can be in the range of 
several m (Korlach et al., 1990).Using pipette diameters on the order of 1 m which 
can be smaller than some domains, this may have lead to considerable variance of the 
relative amounts of fluid and gel domains in different experiments. 
In contrast to bilayer-related leakage, voltage-independent gating of TRP channels is 
characterized by “fingerprint” openings of typical conductance and lifetime, which are 
not dependent on the geometry of the pipette. Uncontrolled leak currents have serious 
consequences for cell viability, leading to loss of barrier function of the cell membrane, 
dissipation of ion gradients, loss of metabolites and finally to cell death. To preserve the 
resting potential of the cell and ensure timely coordinated signal transduction, 
membrane permeability has to be strictly regulated by channel proteins. Results from 
this study show that single-channel activity of TRPM2, TRPM8 and TRPA1 is 
characterized by reproducible conductance changes which depend on the protein as a 
decisive factor for stability and controllability of channel behavior. Expression of 
channel-forming proteins in the cell membrane resulted in the appearance of typical 
patterns of current switching which were visually distinctive among different members 
of the TRP channel family. Such “fingerprint openings” from TRP channels with their 
typical conductance and lifetime were absent under control conditions in patches of 
native HEK293 cells or of vector-transfected cells.  
There is growing evidence that lipids play a critical role in the gating mechanism of 
many ion channel proteins (Schmidt et al., 2006; Long et al., 2007; Xu et al., 2008; 
Mokrab and Sansom 2011; Jiang and Gonen, 2012). A recent study showed that a 
voltage-sensing potassium channel is gated by its annular lipids (Zheng et al., 2011). 
Since the lipid-determined conformational change was coupled to the ion-conducting 
pore, it was suggested that a channel and its surrounding lipids constitute a functional 
unit (Zheng et al., 2011). This may also play a role in the temperature activation of TRP 
channels, which has been proposed to originate from transitions in the surrounding 
membrane (Voets et al., 2005).  
A global phase transition of the plasma membrane would be difficult to reconcile with 
cell survival as nonspecific passive permeation has to be avoided (Mouritsen, 2004). 
This global cellular switch is conceivable as a step in apoptosis or programmed cell 
death (Bowen et al., 1998; Banaszak Holl, 2008). A role of lipid phase transitions in 
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signal transduction was questioned due to their lability, it was stated “that they are 
simply not robust enough to be of use in the delicate and specific regulation that is 
needed in biology” (Mouritsen, 2004). However, proteins could act as “helpers” in 
shaping the phase transition properties (Papahadjopoulos et al., 1975; Owicki and 
McConnell, 1979; Digel et al., 2008). It was found that proteins increase the lipid 
specific heat, lateral compressibility, permeability, and lateral diffusion on both sides of 
the phase transition (Jähnig, 1981). Upon increase of protein concentration, the 
membrane may be driven towards a critical point where fluctuations are strongly 
increased (Jähnig, 1981). Such fluctuations can be “harvested” on a local scale by 
proteins for conformational changes and catalysis (Fenimore et al., 2002; Venturoli et 
al., 2005). As the thermodynamic state of the lipid membrane is an important regulator 
of physiological functions (Mouritsen, 1987) and at the same time can shift the 
conformational equilibrium of ion channel proteins (Seeger et al., 2010; Cannon et al., 
2003), mutual interactions of lipids and proteins may determine passive permeability of 
cell membranes. 
In conclusion, lipid bilayers, in addition to their role as electrical insulators and solvents 
for membrane proteins, can provide not only relevant ion permeabilities but even 
changes of permeabilities without the presence of channel-forming proteins. Lipid pores 
display a dynamic variety of conductance events which are typically associated with 
protein ion channel activity. The function of ion channels as sensory transducers 
requires robust and reliable performance. Accordingly, voltage-independent gating of 
TRP channels is characterized by reproducible patterns of current events which allow 
for controlled changes of membrane permeabiliy. Transient changes in membrane 
potential, induced by alterations in ion permeability, play a crucial role in excitable 
tissues. Thus, electrical properties of lipid bilayers may contribute to membrane 
excitability generated by protein ion channels. Since cholesterol is known to suppress 
the phase transition when present in high concentrations in lipid membranes, its 
influence on the bilayer-related leak currents has to be elucidated in future permeability 
studies of lipid mixtures.   
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4.4 Gating without a gate? 
 
A random telegraph signal is a time series whose value switches between two levels 
(Liebovitch, 1988). Different microscopic processes generate current switching. 
Stepwise conductance changes considered typical for the gating of protein ion channels 
are also found with conical nanopores (Lev et al., 1993; Siwy et al., 2002), organic 
compounds forming synthetic channels in lipid bilayers (Chui et al., 2011), 
mitochondrial ceramide channels involved in apoptosis (Siskind et al., 2002), and non-
proteinaceous  Ca2+ channels consisting of polyphosphate (polyP)/polyhydroxybutyrate 
(PHB) isolated from E.coli (Reusch et al., 1995). As has been shown in this thesis, 
quantized currents are also observed in protein-free lipid bilayers driven into the melting 
transition by voltage (Heimburg, 2010). Channel-like events were even found when a 
pipette was sealed to a hydrophobic substrate (Sachs and Qin, 1993).  
Fig. 29  Current switching occurs in a variety of molecular devices.  
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Analysis of switching behavior can provide fundamental information on the transport 
mechanism in nanodevices. As an additional mechanism besides conformational 
changes, it was suggested that current switching and cation selectivity in artificial pores 
may be the result of surface charge in a confined geometry (Korchev et al., 1997; 
Bashford, 2004). Furthermore, water may be ordered in a narrow pore of about 1 nm or 
less in diameter, and at the interface between a hydrophobic substrate and the pipette 
(Sachs and Qin, 1993; Edmonds, 1998). The ordered water array can provide binding 
sites for ions which are charge-selective, allowing ions to pass through the structure in a 
single-file mechanism by spontaneous or electrically driven cooperative transitions that 
could appear as gating (Edmonds, 1984; Sachs and Qin, 1993). Hydrophobicity of the 
pore wall was recently introduced as a control parameter in the gating of protein ion 
channels and nanopores by wetting and dewetting known as capillary evaporation 
(Anishkin and Sukharev, 2004; Roth et al., 2008; Jensen et al., 2010; Powell et al., 
2011; Smirnov et al., 2011). As an underlying mechanism governing current 
fluctuations, an ionic liquid-vapor transition was proposed, from a conducting liquid 
phase to a non-conducting vapor phase (Buyukdagli et al., 2010). This vapor lock was 
suggested to be functionally relevant for gating of mechanosensitive channels where the 
narrow hydrophobic pore is occluded. Upon channel opening, transmembrane helices 
move away from the central axis of the pore, increasing the pore diameter which leads 
to wetting and ion conduction (Booth et al., 2007). Thus, physical concepts can be used 
to improve our understanding of the functioning of biological ion channels. 
It has been spectulated that behavior of biological channels may be the result of gating 
by the channel protein and effects of narrow pore conduction operating in parallel 
(Edmonds, 1998). In line with this idea, the two ubiquitous homopolymers polyP and 
PHB have been found to be components of ion-conducting proteins including 
Streptomyces lividans K+ channel (Reusch, 1999) and TRPM8 (Zakharian et al., 2009), 
suggesting that thermosensitivity and selectivity are joint properties of the 
supramolecular complex (Das et al., 2002). Interestingly, E.coli-derived cation-selective 
polyP/PHB channels have a conductance in the range of 80-100 pS and display two 
gating modes, one with long openings of the order of several seconds interrupted by 
brief closures, and a second mode with long bursts showing flickery openings and a 
subconductance state (Das and Reusch, 1999). Since the gating modes of polyP/PHB 
complexes resemble single-channel properties of TRPM2 and TRPA1, respectively, the 
association of those TRP channels with polyP/PHB will be an exciting topic for 
investigation. A stable complex formed by the TRP protein and polyP/PHB may lead to 
the preference of a gating mode. 
Future studies will expand our knowledge of the regulation of voltage-independent 
gating of TRP channels by homopolymers and lipids. This paves the way for a more 
comprehensive approach in understanding which common physical principles govern 
current switching in those natural nanodevices. The stage is set for an integration of 
concepts from various fields of ion channel research in order to address key challenges 
in TRP channel gating. 
5. Acknowledgements 
                                                                                                                                         80 
5 Acknowledgements 
 
Foremost, I would like to express my sincere gratitude to my supervisor Andreas 
Lückhoff for continuous guidance, support and funding during my PhD project. 
I am also indebted to the members of my advisory committee, Werner Baumgartner and 
Frank Müller, for supervision of my work. 
My sincere thanks go to Frank and Cornelia Kühn for designing channel mutants, 
establishing stabily transfected cell lines and performing whole-cell measurements. 
I would like to thank Thomas Heimburg for introduction to the concept of lipid channels 
and a successful collaboration. Many thanks to Katrine Rude Laub and Andreas Blicher 
for conductance studies of lipid bilayers and stimulating discussions. 
Furthermore, I should like to express my cordial thanks to present and past fellow lab 
members for their assistance and support over the years. Thomas Fischer, thank you for 
proofreading my dissertation with so much patience. Special thanks to Eberhard 
Jüngling, Marina Wolf and Ilinca Ionescu for expert technical assistance and numerous 
coffee sessions.  
At last but not least, I will always remain grateful to my family and friends for their 
encouragement and love. 
 
 
 
 
 
6. References 
                                                                                                                                         81 
6 References 
 
 
Abe J, Hosokawa H, Sawada Y, Matsumura K, Kobayashi S. Ca2+-dependent PKC activation 
mediates menthol-induced desensitization of transient receptor potential M8. Neurosci Lett. 
2006 Apr 10-17;397(1-2):140-4. 
 
Almeida PF, Pokorny A. Mechanisms of antimicrobial, cytolytic, and cell-penetrating peptides: 
from kinetics to thermodynamics. Biochemistry. 2009 Sep 1;48(34):8083-93. 
 
Andersson DA, Chase HW, Bevan S. TRPM8 activation by menthol, icilin, and cold is 
differentially modulated by intracellular pH. J Neurosci. 2004 Jun 9;24(23):5364-9. 
 
Andersson DA, Nash M, Bevan S. Modulation of the cold-activated channel TRPM8 by 
lysophospholipids and polyunsaturated fatty acids. J Neurosci. 2007 Mar 21;27(12):3347-55. 
 
Andersson DA, Gentry C, Moss S, Bevan S. Transient receptor potential A1 is a sensory 
receptor for multiple products of oxidative stress. J Neurosci. 2008 Mar 5;28(10):2485-94.  
 
André FM, Rassokhin MA, Bowman AM, Pakhomov AG. Gadolinium blocks membrane 
permeabilization induced by nanosecond electric pulses and reduces cell death. 
Bioelectrochemistry. 2010 Aug;79(1):95-100. 
 
Anishkin A, Sukharev S. Water dynamics and dewetting transitions in the small 
mechanosensitive channel MscS. Biophys J. 2004 May;86(5):2883-95. 
 
Antonov VF, Petrov VV, Molnar AA, Predvoditelev DA, Ivanov AS. The appearance of single-
ion channels in unmodified lipid bilayer membranes at the phase transition temperature. Nature. 
1980 Feb 7;283(5747):585-6. 
 
Antonov VF, Smirnova EYu, Shevchenko EV. Electric field increases the phase transition 
temperature in the bilayer membrane of phosphatidic acid. Chem Phys Lipids. 1990 Feb;52(3-
4):251-7. 
 
Antonov VF, Anosov AA, Norik VP, Smirnova EY. Soft perforation of planar bilayer lipid 
membranes of dipalmitoylphosphatidylcholine at the temperature of the phase transition from 
the liquid crystalline to the gel state. Eur Biophys J. 2005 Mar;34(2):155-62. 
 
Atoyan R, Shander D, Botchkareva NV. Non-neuronal expression of transient receptor potential 
type A1 (TRPA1) in human skin. J Invest Dermatol. 2009 Sep;129(9):2312-5. 
 
Banaszak Holl MM. Cell plasma membranes and phase transitions. In: Pollack GH, Chin WC, 
editors. Phase transitions in Cell Biology. Springer Science+Business Media, 2008. 
 
Bandell M, Story GM, Hwang SW, Viswanath V, Eid SR, Petrus MJ, Earley TJ, Patapoutian A. 
Noxious cold ion channel TRPA1 is activated by pungent compounds and bradykinin. Neuron. 
2004 Mar 25;41(6):849-57. 
6. References 
                                                                                                                                         82 
Bandell M, Dubin AE, Petrus MJ, Orth A, Mathur J, Hwang SW, Patapoutian A. High-
throughput random mutagenesis screen reveals TRPM8 residues specifically required for 
activation by menthol. Nat Neurosci. 2006 Apr;9(4):493-500. 
 
Banke TG, Chaplan SR, Wickenden AD. Dynamic changes in the TRPA1 selectivity filter lead 
to progressive but reversible pore dilation. Am J Physiol Cell Physiol. 2010 Jun;298(6):C1457-
68. 
 
Banke TG. The dilated TRPA1 channel pore state is blocked by amiloride and analogues. Brain 
Res. 2011 Mar 24;1381:21-30. 
 
Bang S, Yoo S, Oh U, Hwang SW. Endogenous lipid-derived ligands for sensory TRP ion 
channels and their pain modulation. Arch Pharm Res. 2010 Oct;33(10):1509-20.  
 
Bashford CL. Ion permeation of pores in model membranes: selectivity, fluctuations and the 
role of surface charge. Eur Biophys J. 2004 May;33(3):280-2. 
 
Bautista DM, Movahed P, Hinman A, Axelsson HE, Sterner O, Högestätt ED, Julius D, Jordt 
SE, Zygmunt PM. Pungent products from garlic activate the sensory ion channel TRPA1. Proc 
Natl Acad Sci U S A. 2005 Aug 23;102(34):12248-52. 
 
Bautista DM, Jordt SE, Nikai T, Tsuruda PR, Read AJ, Poblete J, Yamoah EN, Basbaum AI, 
Julius D. TRPA1 mediates the inflammatory actions of environmental irritants and proalgesic 
agents. Cell. 2006 Mar 24;124(6):1269-82. 
 
Bautista DM, Siemens J, Glazer JM, Tsuruda PR, Basbaum AI, Stucky CL, Jordt SE, Julius D. 
The menthol receptor TRPM8 is the principal detector of environmental cold. Nature. 2007 Jul 
12;448(7150):204-8. 
 
Behrendt HJ, Germann T, Gillen C, Hatt H, Jostock R. Characterization of the mouse cold-
menthol receptor TRPM8 and vanilloid receptor type-1 VR1 using a fluorometric imaging plate 
reader (FLIPR) assay. Br J Pharmacol. 2004 Feb;141(4):737-45. 
 
Blicher A, Wodzinska K, Fidorra M, Winterhalter M, Heimburg T. The temperature dependence 
of lipid membrane permeability, its quantized nature, and the influence of anesthetics. Biophys 
J. 2009 Jun 3;96(11):4581-91. 
 
Booth IR, Edwards MD, Black S, Schumann U, Miller S. Mechanosensitive channels in 
bacteria: signs of closure? Nat Rev Microbiol. 2007 Jun;5(6):431-40. 
 
Bowen ID, Bowen SM, Jones AH. 1998. Mitosis and Apoptosis: Matters of Life and 
Death.Chapman & Hall. 
 
Brauchi S, Orio P, Latorre R. Clues to understanding cold sensation: thermodynamics and 
electrophysiological analysis of the cold receptor TRPM8. Proc Natl Acad Sci U S A. 2004 Oct 
26;101(43):15494-9. 
 
6. References 
                                                                                                                                         83 
Brierley SM, Hughes PA, Page AJ, Kwan KY, Martin CM, O'Donnell TA, Cooper NJ, 
Harrington AM, Adam B, Liebregts T, Holtmann G, Corey DP, Rychkov GY, Blackshaw LA. 
The ion channel TRPA1 is required for normal mechanosensation and is modulated by algesic 
stimuli. Gastroenterology. 2009 Dec;137(6):2084-2095.e3. 
 
Brierley SM, Castro J, Harrington AM, Hughes PA, Page AJ, Rychkov GY, Blackshaw LA. 
TRPA1 contributes to specific mechanically activated currents and sensory neuron mechanical 
hypersensitivity. J Physiol. 2011 Jul 15;589(Pt 14):3575-93. 
 
Buyukdagli S, Manghi M, Palmeri J. Ionic capillary evaporation in weakly charged nanopores. 
Phys Rev Lett. 2010 Oct 8;105(15):158103. 
 
Cannon B, Hermansson M, Györke S, Somerharju P, Virtanen JA, Cheng KH. Regulation of 
calcium channel activity by lipid domain formation in planar lipid bilayers. Biophys J. 2003 
Aug;85(2):933-42. 
 
Cantor RS. The influence of membrane lateral pressures on simple geometric models of protein 
conformational equilibria. Chem Phys Lipids. 1999 Aug;101(1):45-56. 
 
Chakrapani S, Cuello LG, Cortes DM, Perozo E. Structural dynamics of an isolated voltage-
sensor domain in a lipid bilayer. Structure. 2008 Mar;16(3):398-409. 
 
Chen C, Smye SW, Robinson MP, Evans JA.Membrane electroporation theories: a review. Med 
Biol Eng Comput. 2006 Mar;44(1-2):5-14. 
 
Chen J, Kim D, Bianchi BR, Cavanaugh EJ, Faltynek CR, Kym PR, Reilly RM. Pore dilation 
occurs in TRPA1 but not in TRPM8 channels. Mol Pain. 2009 Jan 21;5:3. 
 
Chuang HH, Neuhausser WM, Julius D. The super-cooling agent icilin reveals a mechanism of 
coincidence detection by a temperature-sensitive TRP channel. Neuron. 2004 Sep 16;43(6):859-
69. 
 
Chui JK, Fyles TM, Luong H. Planar-bilayer activities of linear oligoester bolaamphiphiles. 
Beilstein J Org Chem. 2011;7:1562-9. 
 
Clapham DE. TRP channels as cellular sensors. Nature. 2003 Dec 4;426(6966):517-24. 
 
Colombini M. Ceramide channels and their role in mitochondria-mediated apoptosis. Biochim 
Biophys Acta. 2010 Jun-Jul;1797(6-7):1239-44. 
 
Cordero-Morales JF, Gracheva EO, Julius D. Cytoplasmic ankyrin repeats of transient receptor 
potential A1 (TRPA1) dictate sensitivity to thermal and chemical stimuli. Proc Natl Acad Sci U 
S A. 2011 Nov 15;108(46):E1184-91.  
 
Corey DP, García-Añoveros J, Holt JR, Kwan KY, Lin SY, Vollrath MA, Amalfitano A, Cheung 
EL, Derfler BH, Duggan A, Géléoc GS, Gray PA, Hoffman MP, Rehm HL, Tamasauskas D, 
Zhang DS. TRPA1 is a candidate for the mechanosensitive transduction channel of vertebrate 
hair cells. Nature. 2004 Dec 9;432(7018):723-30 
6. References 
                                                                                                                                         84 
Cosens DJ, Manning A. Abnormal electroretinogram from a Drosophila mutant. Nature. 1969 
Oct 18;224(5216):285-7. 
 
Cruzeiro-Hansson L, Mouritsen OG. Passive ion permeability of lipid membranes modelled via 
lipid-domain interfacial area. Biochim Biophys Acta. 1988 Sep 15;944(1):63-72. 
 
Csanády L, Törőcsik B. Four Ca2+ ions activate TRPM2 channels by binding in deep crevices 
near the pore but intracellularly of the gate. J Gen Physiol. 2009 Feb;133(2):189-203. 
 
Dai Y, Wang S, Tominaga M, Yamamoto S, Fukuoka T, Higashi T, Kobayashi K, Obata K, 
Yamanaka H, Noguchi K. Sensitization of TRPA1 by PAR2 contributes to the sensation of 
inflammatory pain. J Clin Invest. 2007 Jul;117(7):1979-87. 
 
Das S, Reusch RN. Gating kinetics of E. coli poly-3-hydroxybutyrate/polyphosphate channels 
in planar bilayer membranes. J Membr Biol. 1999 Jul 15;170(2):135-45. 
 
Das S, Seebach D, Reusch RN. Differential effects of temperature on E. coli and synthetic 
polyhydroxybutyrate/polyphosphate channels. Biochemistry. 2002 Apr 23;41(16):5307-12. 
 
Deamer DW, Bramhall J. Permeability of lipid bilayers to water and ionic solutes. Chem Phys 
Lipids. 1986 Jun-Jul;40(2-4):167-88. 
 
Dhaka A, Murray AN, Mathur J, Earley TJ, Petrus MJ, Patapoutian A. TRPM8 is required for 
cold sensation in mice. Neuron. 2007 May 3;54(3):371-8. 
 
Dibble AR, Hinderliter AK, Sando JJ, Biltonen RL. Lipid lateral heterogeneity in 
phosphatidylcholine/phosphatidylserine/diacylglycerol vesicles and its influence on protein 
kinase C activation. Biophys J. 1996 Oct;71(4):1877-90. 
 
Digel I, Kayser P, Artmann GM. Molecular processes in biological thermosensation. J Biophys. 
2008;2008:602870. 
 
Diogenes A, Akopian AN, Hargreaves KM. NGF up-regulates TRPA1: implications for 
orofacial pain. J Dent Res. 2007 Jun;86(6):550-5. 
 
Docherty RJ, Yeats JC, Piper AS. Capsazepine block of voltage-activated calcium channels in 
adult rat dorsal root ganglion neurones in culture. Br J Pharmacol. 1997 Aug;121(7):1461-7. 
 
Doerner JF, Gisselmann G, Hatt H, Wetzel CH. Transient receptor potential channel A1 is 
directly gated by calcium ions. J Biol Chem. 2007 May 4;282(18):13180-9. 
 
Duncan LM, Deeds J, Hunter J, Shao J, Holmgren LM, Woolf EA, Tepper RI, Shyjan AW.  
Down-regulation of the novel gene melastatin correlates with potential for melanoma 
metastasis. Cancer Res. 1998 Apr 1;58(7):1515-20.  
 
Edmonds DT. 1984. Ordered water model of membrane ion channels. In: Biological 
Membranes. D. Chapman, editor. Academic Press, London.349-386. 
 
 
6. References 
                                                                                                                                         85 
Edmonds DT. The behaviour of ions in narrow water-filled pores. Biosci Rep. 1998 
Dec;18(6):313-27. 
 
Eeman M, Deleu M. From biological membranes to biomimetic model membranes. Biotechnol. 
Agron.Soc. Environ. 2010; 14(4) : 719-736. 
 
Eisfeld J, Lückhoff A. TRPM2. Handb Exp Pharmacol. 2007;(179):237-52. 
 
Fenimore PW, Frauenfelder H, McMahon BH, Parak FG. Slaving: solvent fluctuations dominate 
protein dynamics and functions. Proc Natl Acad Sci U S A. 2002 Dec 10;99(25):16047-51. 
 
Fernández JA, Skryma R, Bidaux G, Magleby KL, Scholfield CN, McGeown JG, Prevarskaya 
N, Zholos AV. Voltage- and cold-dependent gating of single TRPM8 ion channels. J Gen 
Physiol. 2011 Feb;137(2):173-95. 
 
Finkelstein A, 1987. Water-Movement Through Lipid Bilayers, Pores, and Plasma-Membranes: 
Theory and Reality. Wiley Interscience, New York. 
 
Fuertes G, Giménez D, Esteban-Martin S, Garcia-Sáez A, Sánchez O, Salgado J. Role of 
membrane lipids for the activity of pore forming peptides and proteins. Adv Exp Med Biol. 
2010;677:31-55. 
 
Fuertes G, Giménez D, Esteban-Martín S, Sánchez-Muñoz OL, Salgado J. A lipocentric view of 
peptide-induced pores. Eur Biophys J. 2011 Apr;40(4):399-415. 
 
García-Añoveros J, Nagata K. TRPA1. Handb Exp Pharmacol. 2007;(179):347-62. 
 
Gauchan P, Andoh T, Kato A, Kuraishi Y. Involvement of increased expression of transient 
receptor potential melastatin 8 in oxaliplatin-induced cold allodynia in mice. Neurosci Lett. 
2009 Jul 17;458(2):93-5. 
 
Glaser RW, Leikin SL, Chernomordik LV, Pastushenko VF, Sokirko AI. Reversible electrical 
breakdown of lipid bilayers: formation and evolution of pores. Biochim Biophys Acta. 1988 
May 24;940(2):275-87. 
 
Gracheva EO, Ingolia NT, Kelly YM, Cordero-Morales JF, Hollopeter G, Chesler AT, Sánchez 
EE, Perez JC, Weissman JS, Julius D. Molecular basis of infrared detection by snakes. Nature. 
2010 Apr 15;464(7291):1006-11. 
 
Gögelein H, Koepsell H. Channels in planar bilayers made from commercially available lipids. 
Pflugers Arch. 1984 Aug;401(4):433-4. 
 
Haddad GA, Blunck R. Mode shift of the voltage sensors in Shaker K+ channels is caused by 
energetic coupling to the pore domain. J Gen Physiol. 2011 May;137(5):455-72. 
Hamada FN, Rosenzweig M, Kang K, Pulver SR, Ghezzi A, Jegla TJ, Garrity PA. An internal 
thermal sensor controlling temperature preference in Drosophila. Nature. 2008 Jul 
10;454(7201):217-20. 
 
6. References 
                                                                                                                                         86 
Hamill OP, Marty A, Neher E, Sakmann B, Sigworth FJ. Improved patch-clamp techniques for 
high-resolution current recording from cells and cell-free membrane patches. Pflugers Arch. 
1981 Aug;391(2):85-100. 
 
Hamill OP, McBride DW Jr. 1994. The cloning of a mechano-gated membrane channel. Trends 
Neurosci. 17:439–43. 
 
Hamill OP, McBride DW Jr. The pharmacology of mechanogated membrane ion channels. 
Pharmacol Rev. 1996 Jun;48(2):231-52. 
 
Hamill OP, McBride DW Jr. Induced membrane hypo/hyper-mechanosensitivity: a limitation of 
patch-clamp recording. Annu Rev Physiol. 1997;59:621-31. 
 
Hanke  W, Methfessel C,  Wilmsen U,  Boheim G.  Ion channel  reconstruction into lipid bilayer 
membranes  on glass patch  pipettes. Bioelectrochem.  Bioenerg. 1984;12:329–339. 
 
Hara Y, Wakamori M, Ishii M, Maeno E, Nishida M, Yoshida T, Yamada H, Shimizu S, Mori E, 
Kudoh J, Shimizu N, Kurose H, Okada Y, Imoto K, Mori Y. LTRPC2 Ca2+-permeable channel 
activated by changes in redox status confers susceptibility to cell death. Mol Cell. 2002 
Jan;9(1):163-73. 
 
Hardie RC. TRP channels and lipids: from Drosophila to mammalian physiology. J Physiol. 
2007 Jan 1;578(Pt 1):9-24.  
 
Hardie RC. A brief history of trp: commentary and personal perspective. Pflugers Arch. 2011 
May;461(5):493-8. 
 
Harteneck C. Function and pharmacology of TRPM cation channels. Naunyn Schmiedebergs 
Arch Pharmacol. 2005 Apr;371(4):307-14. 
 
Heimburg,T., 2007. Thermal biophysics of membranes.1st ed.,Weinheim Wiley-VCH. 
 
Heimburg T. Lipid ion channels. Biophys Chem. 2010 Aug;150(1-3):2-22.  
 
Heiner I, Eisfeld J, Halaszovich CR, Wehage E, Jüngling E, Zitt C, Lückhoff A. Expression 
profile of the transient receptor potential (TRP) family in neutrophil granulocytes: evidence for 
currents through long TRP channel 2 induced by ADP-ribose and NAD. Biochem J. 2003 May 
1;371(Pt 3):1045-53. 
 
Hermosura MC, Cui AM, Go RC, Davenport B, Shetler CM, Heizer JW, Schmitz C, Mocz G, 
Garruto RM, Perraud AL. Altered functional properties of a TRPM2 variant in Guamanian ALS 
and PD. Proc Natl Acad Sci U S A. 2008 Nov 18;105(46):18029-34. 
 
Hill K, McNulty S, Randall AD. Inhibition of TRPM2 channels by the antifungal agents 
clotrimazole and econazole. Naunyn Schmiedebergs Arch Pharmacol. 2004 Oct;370(4):227-37. 
 
Hill K, Schaefer M. TRPA1 is differentially modulated by the amphipathic molecules 
trinitrophenol and chlorpromazine. J Biol Chem. 2007 Mar 9;282(10):7145-53. 
6. References 
                                                                                                                                         87 
Hinman A, Chuang HH, Bautista DM, Julius D. TRP channel activation by reversible covalent 
modification. Proc Natl Acad Sci U S A. 2006 Dec 19;103(51):19564-8. 
 
Hoenderop JG, Nilius B, Bindels RJ. Calcium absorption across epithelia. Physiol Rev. 2005 
Jan;85(1):373-422. 
 
Hønger T, Jørgensen K, Biltonen RL, Mouritsen OG. Systematic relationship between 
phospholipase A2 activity and dynamic lipid bilayer microheterogeneity. Biochemistry. 1996 Jul 
16;35(28):9003-6. 
 
Howard J, Bechstedt S. Hypothesis: a helix of ankyrin repeats of the NOMPC-TRP ion channel 
is the gating spring of mechanoreceptors. Curr Biol. 2004 Mar 23;14(6):R224-6. 
 
Hu H, Tian J, Zhu Y, Wang C, Xiao R, Herz JM, Wood JD, Zhu MX. Activation of TRPA1 
channels by fenamate nonsteroidal anti-inflammatory drugs. Pflugers Arch. 2010 
Mar;459(4):579-92. 
 
Hu HZ, Gu Q, Wang C, Colton CK, Tang J, Kinoshita-Kawada M, Lee LY, Wood JD, Zhu MX. 
2-aminoethoxydiphenyl borate is a common activator of TRPV1, TRPV2, and TRPV3. J Biol 
Chem. 2004 Aug 20;279(34):35741-8. 
 
Hui K, Guo Y, Feng ZP. Biophysical properties of menthol-activated cold receptor TRPM8 
channels. Biochem Biophys Res Commun. 2005 Jul 29;333(2):374-82. 
 
Ipsen JH, Jørgensen K, Mouritsen OG. Density fluctuations in saturated phospholipid bilayers 
increase as the acyl-chain length decreases. Biophys J. 1990 Nov;58(5):1099-107. 
 
Jaquemar D, Schenker T, Trueb B. An ankyrin-like protein with transmembrane domains is 
specifically lost after oncogenic transformation of human fibroblasts. J Biol Chem. 1999 Mar 
12;274(11):7325-33. 
 
Jähnig F. Critical effects from lipid-protein interaction in membranes. Biophys  J. 1981 Nov; 
36(2): 329-345, 347-357. 
 
Janiak MJ, Small DM, Shipley GG. Temperature and compositional dependence of the structure 
of hydrated dimyristoyl lecithin. J Biol Chem. 1979 Jul 10;254(13):6068-78. 
 
Jansen M, Blume A. A comparative study of diffusive and osmotic water permeation across 
bilayers composed of phospholipids with different head groups and fatty acyl chains. Biophys J. 
1995 Mar;68(3):997-1008. 
 
Jensen MØ, Borhani DW, Lindorff-Larsen K, Maragakis P, Jogini V, Eastwood MP, Dror RO, 
Shaw DE. Principles of conduction and hydrophobic gating in K+ channels. Proc Natl Acad Sci 
U S A. 2010 Mar 30;107(13):5833-8. 
 
Jiang QX, Gonen T. The influence of lipids on voltage-gated ion channels. Curr Opin Struct 
Biol. 2012 Apr 5. 
 
 
6. References 
                                                                                                                                         88 
Johnson CD, Melanaphy D, Purse A, Stokesberry SA, Dickson P, Zholos AV. Transient receptor 
potential melastatin 8 channel involvement in the regulation of vascular tone. Am J Physiol 
Heart Circ Physiol. 2009 Jun;296(6):H1868-77. 
 
Jordt SE, Bautista DM, Chuang HH, McKemy DD, Zygmunt PM, Högestätt ED, Meng ID, 
Julius D. Mustard oils and cannabinoids excite sensory nerve fibres through the TRP channel 
ANKTM1. Nature. 2004 Jan 15;427(6971):260-5. Epub 2004 Jan 7. 
 
Kaufmann K., Silman I. The induction by protons of ion channels through lipid bilayer 
membranes. Biophys Chem. 1983 Sep;18(2):89-99.  
 
Kaufmann K, Hanke W, Corcia A. Ion channels. download webpage: 
http://membranes.nbi.dk/Kaufmann/pdf/, Caruaru, 1989. 
 
Kang L, Gao J, Schafer WR, Xie Z, Xu XZ. C. elegans TRP family protein TRP-4 is a pore-
forming subunit of a native mechanotransduction channel. Neuron. 2010 Aug 12;67(3):381-91. 
 
Karashima Y, Talavera K, Everaerts W, Janssens A, Kwan KY, Vennekens R, Nilius B, Voets T. 
TRPA1 acts as a cold sensor in vitro and in vivo. Proc Natl Acad Sci U S A. 2009 Jan 
27;106(4):1273-8. 
 
Karashima Y, Prenen J, Talavera K, Janssens A, Voets T, Nilius B. Agonist-induced changes in 
Ca(2+) permeation through the nociceptor cation channel TRPA1. Biophys J. 2010 Mar 
3;98(5):773-83. 
 
Kim D, Cavanaugh EJ, Simkin D. Inhibition of transient receptor potential A1 channel by 
phosphatidylinositol-4,5-bisphosphate. Am J Physiol Cell Physiol. 2008 Jul;295(1):C92-9. 
 
Kindt KS, Viswanath V, Macpherson L, Quast K, Hu H, Patapoutian A, Schafer WR. 
Caenorhabditis elegans TRPA-1 functions in mechanosensation. Nat Neurosci. 2007 
May;10(5):568-77. 
 
Knowlton WM, Daniels RL, Palkar R, McCoy DD, McKemy DD. Pharmacological blockade of 
TRPM8 ion channels alters cold and cold pain responses in mice. PLoS One. 2011;6(9):e25894. 
 
Korchev YE, Bashford CL, Alder GM, Apel PY, Edmonds DT, Lev AA, Nandi K, ZimaAV, 
Pasternak CA. A novel explanation for fluctuations of ion current through narrow pores. FASEB 
J. 1997 Jun;11(7):600-8. 
 
Korlach J, Schwille P, Webb WW, Feigenson GW. Characterization of lipid bilayer phases by 
confocal microscopy and fluorescence correlation spectroscopy. Proc Natl Acad Sci U S A. 
1999 Jul 20;96(15):8461-6. 
 
Kraft R, Grimm C, Grosse K, Hoffmann A, Sauerbruch S, Kettenmann H, Schultz G, Harteneck 
C. Hydrogen peroxide and ADP-ribose induce TRPM2-mediated calcium influx and cation 
currents in microglia. Am J Physiol Cell Physiol. 2004 Jan;286(1):C129-37. Epub 2003 Sep 24.
6. References 
                                                                                                                                         89 
Kremeyer B, Lopera F, Cox JJ, Momin A, Rugiero F, Marsh S, Woods CG, Jones NG, Paterson 
KJ, Fricker FR, Villegas A, Acosta N, Pineda-Trujillo NG, Ramírez JD, Zea J, Burley MW, 
Bedoya G, Bennett DL, Wood JN, Ruiz-Linares A. A gain-of-function mutation in TRPA1 
causes familial episodic pain syndrome. Neuron. 2010 Jun 10;66(5):671-80. 
 
Kühn FJ, Lückhoff A. Sites of the NUDT9-H domain critical for ADP-ribose activation of the 
cation channel TRPM2. J Biol Chem. 2004 Nov 5;279(45):46431-7. 
 
Kwan KY, Allchorne AJ, Vollrath MA, Christensen AP, Zhang DS, Woolf CJ, Corey DP. TRPA1 
contributes to cold, mechanical, and chemical nociception but is not essential for hair-cell 
transduction. Neuron. 2006 Apr 20;50(2):277-89. 
 
Kwan KY, Glazer JM, Corey DP, Rice FL, Stucky CL. TRPA1 modulates mechanotransduction 
in cutaneous sensory neurons. J Neurosci. 2009 Apr 15;29(15):4808-19. 
 
Lascola CD, Kraig RP. Whole-cell chloride currents in rat astrocytes accompany changes in cell 
morphology. J Neurosci. 1996 Apr 15;16(8):2532-45. 
 
Lashinger ES, Steiginga MS, Hieble JP, Leon LA, Gardner SD, Nagilla R, Davenport EA, 
Hoffman BE, Laping NJ, Su X. AMTB, a TRPM8 channel blocker: evidence in rats for activity 
in overactive bladder and painful bladder syndrome. Am J Physiol Renal Physiol. 2008 
Sep;295(3):F803-10. 
 
Lee G, Abdi K, Jiang Y, Michaely P, Bennett V, Marszalek PE. Nanospring behaviour of ankyrin 
repeats. Nature. 2006 Mar 9;440(7081):246-9. 
 
Lev AA, Korchev YE, Rostovtseva TK, Bashford CL, Edmonds DT, Pasternak CA. Rapid 
switching of ion current in narrow pores: implications for biological ion channels. Proc Biol Sci. 
1993 Jun 22;252(1335):187-92. 
 
Levin Y, Idiart MA. Pore dynamics of osmotically stressed vesicles. Physica A. 2004; 331:571-
578. 
 
Liebovitch LS. The fractal random telegraph signal: signal analysis and applications. Ann 
Biomed Eng. 1988;16(5):483-94. 
 
Lingwood D, Simons K. Lipid rafts as a membrane-organizing principle. Science. 2010 Jan 
1;327(5961):46-50. 
 
Liu L, Simon SA. Capsazepine, a vanilloid receptor antagonist, inhibits nicotinic acetylcholine 
receptors in rat trigeminal ganglia. Neurosci Lett. 1997 May 30;228(1):29-32. 
 
Liu B, Qin F. Functional control of cold- and menthol-sensitive TRPM8 ion channels by 
phosphatidylinositol 4,5-bisphosphate. J Neurosci. 2005 Feb 16;25(7):1674-81. 
 
Liu CH, Wang T, Postma M, Obukhov AG, Montell C, Hardie RC. In vivo identification and 
manipulation of the Ca2+ selectivity filter in the Drosophila transient receptor potential channel. 
J Neurosci. 2007 Jan 17;27(3):604-15. 
6. References 
                                                                                                                                         90 
Long SB, Campbell EB, Mackinnon R. Voltage sensor of Kv1.2: structural basis of 
electromechanical coupling. Science. 2005 Aug 5;309(5736):903-8. 
 
Long SB, Tao X, Campbell EB, MacKinnon R. Atomic structure of a voltage-dependent K+ 
channel in a lipid membrane-like environment. Nature. 2007 Nov 15;450(7168):376-82. 
 
Machta BB, Papanikolaou S, Sethna JP, Veatch SL. Minimal model of plasma membrane 
heterogeneity requires coupling cortical actin to criticality. Biophys J. 2011 Apr 6;100(7):1668-
77. 
 
Macpherson LJ, Hwang SW, Miyamoto T, Dubin AE, Patapoutian A, Story GM. More than 
cool: promiscuous relationships of menthol and other sensory compounds. Mol Cell Neurosci. 
2006 Aug;32(4):335-43. 
 
Macpherson LJ, Dubin AE, Evans MJ, Marr F, Schultz PG, Cravatt BF, Patapoutian A. Noxious 
compounds activate TRPA1 ion channels through covalent modification of cysteines. Nature. 
2007 Feb 1;445(7127):541-5. 
 
Madrid R, Donovan-RodrÃ-guez T, Meseguer V, Acosta MC, Belmonte C, Viana F. 
Contribution of TRPM8 channels to cold transduction in primary sensory neurons and 
peripheral nerve terminals. J Neurosci. 2006 Nov 29;26(48):12512-25. 
 
Maertz WE, editor, 2008. The Axon Guide, A Guide to Electrophysiology & Biophysics 
LaboratoryTechniques  2500-0102 Rev. C.  MDS Analytical  Technologies,  3rd edition. 
 
Marrink SJ, Lindahl E, Edholm O, Mark AE. Simulation of the spontaneous aggregation of 
phospholipids into bilayers. J Am Chem Soc. 2001 Sep 5;123(35):8638-9.  
 
Matsuzaki K, Murase O, Fujii N, Miyajima K. An antimicrobial peptide, magainin 2, induced 
rapid flip-flop of phospholipids coupled with pore formation and peptide translocation. 
Biochemistry. 1996 Sep 3;35(35):11361-8. 
 
McKemy DD, Neuhausser WM, Julius D. Identification of a cold receptor reveals a general role 
for TRP channels in thermosensation. Nature. 2002 Mar 7;416(6876):52-8. 
 
McNamara CR, Mandel-Brehm J, Bautista DM, Siemens J, Deranian KL, Zhao M, Hayward 
NJ, Chong JA, Julius D, Moran MM, Fanger CM. TRPA1 mediates formalin-induced pain. Proc 
Natl Acad Sci U S A. 2007 Aug 14;104(33):13525-30. 
 
McNulty S, Fonfria E. The role of TRPM channels in cell death. Pflugers Arch. 2005 
Oct;451(1):235-42. 
 
McQuillin A, Bass NJ, Kalsi G, Lawrence J, Puri V, Choudhury K, Detera-Wadleigh SD, Curtis 
D, Gurling HM. Fine mapping of a susceptibility locus for bipolar and genetically related 
unipolar affective disorders, to a region containing the C21ORF29 and TRPM2 genes on 
chromosome 21q22.3. Mol Psychiatry. 2006 Feb;11(2):134-42. 
 
6. References 
                                                                                                                                         91 
Mei ZZ, Mao HJ, Jiang LH. Conserved cysteine residues in the pore region are obligatory for 
human TRPM2 channel function. Am J Physiol Cell Physiol. 2006 Nov;291(5):C1022-8. Epub 
2006 Jul 5. 
 
Mederos y Schnitzler M, Wäring J, Gudermann T, Chubanov V. Evolutionary determinants of 
divergent calcium selectivity of TRPM channels. FASEB J. 2008 May;22(5):1540-51. 
 
Meseguer V, Karashima Y, Talavera K, D'Hoedt D, Donovan-RodrÃ-guez T, Viana F, Nilius B, 
Voets T. Transient receptor potential channels in sensory neurons are targets of the antimycotic 
agent clotrimazole. J Neurosci. 2008 Jan 16;28(3):576-86. 
 
Mihajlovic M, Lazaridis T. Antimicrobial peptides bind more strongly to membrane pores. 
Biochim Biophys Acta. 2010 Aug;1798(8):1494-502. 
 
Minke B. The history of the Drosophila TRP channel: the birth of a new channel superfamily. J 
Neurogenet. 2010 Dec;24(4):216-33. 
 
Mokrab Y, Sansom MS. Interaction of diverse voltage sensor homologs with lipid bilayers 
revealed by self-assembly simulations. Biophys J. 2011 Feb 16;100(4):875-84. 
 
Montell C, Rubin GM. Molecular characterization of the Drosophila trp locus: a putative 
integral membrane protein required for phototransduction. Neuron. 1989 Apr;2(4):1313-23. 
 
Montell C. The history of TRP channels, a commentary and reflection. Pflugers Arch. 2011 
May;461(5):499-506. 
 
Morenilla-Palao C, Pertusa M, Meseguer V, Cabedo H, Viana F. Lipid raft segregation 
modulates TRPM8 channel activity. J Biol Chem. 2009 Apr 3;284(14):9215-24. 
 
Moroz JD, Nelson P. Dynamically stabilized pores in bilayer membranes. Biophys J. 1997 
May;72(5):2211-6. 
 
Mouritsen OG, 1987. Phase transitions in biological membranes. Annals of the New York 
Academy of Science 491: 166–169. 
 
Mouritsen OG. Physics of biological membranes. In: Baeriswyl D., Droz M., Malaspinas A., 
Martinoli P., editors. Physics of Living Matter. Lecture Notes in Physics. Vol. 284. Springer; 
Berlin, Heidelberg, New York: 1987. pp. 76–109. 
 
Mouritsen OG, 2004. Life – As a Matter of Fat. Springer; Berlin, Heidelberg. 
 
Movileanu L, Popescu D. The birth, life and death of statistical pores into a bilayer membrane. 
Recent Res. Devel. Biophys., 3(2004): 61-86. 
 
Nagata, K., A. Duggan, G. Kumar,  and J. Garc´ıa-An˜overos. Nociceptor and hair cell 
transducer properties  of TRPA1,  a channel  for pain and hearing.  J. Neurosci. 2005. 25:4052–
4061. 
 
6. References 
                                                                                                                                         92 
Nagle JF, Scott HL Jr. Lateral compressibility of lipid mono- and bilayers. Theory of membrane 
permeability. Biochim Biophys Acta. 1978 Nov 2;513(2):236-43. 
 
Negulyaev YA, Vedernikova EA, Maximov AV. Disruption of actin filaments increases the 
activity of sodium-conducting channels in human myeloid leukemia cells.  Mol Biol Cell. 1996 
Dec;7(12):1857-64. 
 
Nilius B, Mahieu F, Karashima Y, Voets T. Regulation of TRP channels: a voltage-lipid 
connection. Biochem Soc Trans. 2007 Feb;35(Pt 1):105-8. 
 
Nilius B, Owsianik G, Voets T, Peters JA. Transient receptor potential cation channels in 
disease. Physiol Rev. 2007; 87(1):165–217. 
 
Nilius B, Prenen J, Owsianik G. Irritating channels: the case of TRPA1. J Physiol. 2011 Apr 
1;589(Pt 7):1543-9. 
 
Owicki JC, McConnell HM. Theory of protein-lipid and protein-protein interactions in bilayer 
membranes. Proc Natl Acad Sci U S A. 1979 Oct;76(10):4750-4. 
 
Pakhomov AG, Bowman AM, Ibey BL, Andre FM, Pakhomova ON, Schoenbach KH. Lipid 
nanopores can form a stable, ion channel-like conduction pathway in cell membrane. Biochem 
Biophys Res Commun. 2009 Jul 24;385(2):181-6. 
 
Papahadjopoulos D, Jacobson K, Nir S, Isac T. Phase transitions in phospholipid vesicles. 
Fluorescence polarization and permeability measurements concerning the effect of temperature 
and cholesterol. Biochim Biophys Acta. 1973 Jul 6;311(3):330-48. 
 
Papahadjopoulos D, Moscarello M, Eylar EH, Isac T. Effects of proteins on thermotropic phase 
transitions of phospholipid membranes. Biochim Biophys Acta. 1975 Sep 2;401(3):317-35. 
 
Park JB, Kim HJ, Ryu PD, Moczydlowski E. Effect of phosphatidylserine on unitary 
conductance and Ba2+ block of the BK Ca2+-activated K+ channel: re-examination of the 
surface charge hypothesis. J Gen Physiol. 2003 May;121(5):375-97. 
 
Patapoutian A, Peier AM, Story GM, Viswanath V. ThermoTRP channels and beyond: 
mechanisms of temperature sensation. Nat Rev Neurosci. 2003 Jul;4(7):529-39. 
 
Peier AM, Moqrich A, Hergarden AC, Reeve AJ, Andersson DA, Story GM, Earley TJ, Dragoni 
I, McIntyre P, Bevan S, Patapoutian A. A TRP channel that senses cold stimuli and menthol. 
Cell. 2002 Mar 8;108(5):705-15. 
 
Perera MN, Ganesan V, Siskind LJ, Szulc ZM, Bielawski J, Bielawska A, Bittman R, Colombini 
M. Ceramide channels: Influence of molecular structure on channel formation in membranes. 
Biochim Biophys Acta. 2012 May;1818(5):1291-301. 
 
Perraud AL, Fleig A, Dunn CA, Bagley LA, Launay P, Schmitz C, Stokes AJ, Zhu Q, Bessman 
MJ, Penner R, Kinet JP, Scharenberg AM. ADP-ribose gating of the calcium-permeable 
LTRPC2 channel revealed by Nudix motif homology. Nature. 2001 May 31;411(6837):595-9. 
6. References 
                                                                                                                                         93 
Perraud AL, Schmitz C, Scharenberg AM. TRPM2 Ca2+ permeable cation channels: from gene 
to biological function. Cell Calcium. 2003 May-Jun;33(5-6):519-31. 
 
Petrus M, Peier AM, Bandell M, Hwang SW, Huynh T, Olney N, Jegla T, Patapoutian A. A role 
of TRPA1 in mechanical hyperalgesia is revealed by pharmacological inhibition. Mol Pain. 
2007 Dec 17;3:40. 
 
Phillips AM, Bull A, Kelly LE. Identification of a Drosophila gene encoding a calmodulin-
binding protein with homology to the trp phototransduction gene.Neuron. 1992 Apr;8(4):631-
42. 
 
Powell MR, Cleary L, Davenport M, Shea KJ, Siwy ZS. Electric-field-induced wetting and 
dewetting in single hydrophobic nanopores. Nat Nanotechnol. 2011 Oct 30;6(12):798-802. 
 
Premkumar LS, Raisinghani M, Pingle SC, Long C, Pimentel F. Downregulation of transient 
receptor potential melastatin 8 by protein kinase C-mediated dephosphorylation. J Neurosci. 
2005 Dec 7;25(49):11322-9. 
 
Qian S, Wang W, Yang L, Huang HW. Structure of transmembrane pore induced by Bax-derived 
peptide: evidence for lipidic pores. Proc Natl Acad Sci U S A. 2008 Nov 11;105(45):17379-83. 
 
Reusch RN, Huang R, Bramble LL. Poly-3-hydroxybutyrate/polyphosphate complexes form 
voltage-activated Ca2+ channels in the plasma membranes of Escherichia coli. Biophys J. 1995 
Sep;69(3):754-66. 
 
Reusch RN. Streptomyces lividans potassium channel contains poly-(R)-3-hydroxybutyrate and 
inorganic polyphosphate. Biochemistry. 1999 Nov 23;38(47):15666-72. 
 
Rohacs T, Lopes CM, Michailidis I, Logothetis DE. PI(4,5)P2 regulates the activation and 
desensitization of TRPM8 channels through the TRP domain. Nat Neurosci. 2005 
May;8(5):626-34. 
 
Roth R, Gillespie D, Nonner W, Eisenberg RE. Bubbles, gating, and anesthetics in ion channels. 
Biophys J. 2008 Jun;94(11):4282-98. 
 
Sachs F, Qin F. Gated, ion-selective channels observed with patch pipettes in the absence of 
membranes: novel properties of a gigaseal. Biophys. J. 1993; 65(3): 1101-1107. 
 
Sano Y, Inamura K, Miyake A, Mochizuki S, Yokoi H, Matsushime H, Furuichi K. Immunocyte 
Ca2+ influx system mediated by LTRPC2. Science. 2001 Aug 17;293(5533):1327-30. 
 
Sawada Y, Hosokawa H, Hori A, Matsumura K, Kobayashi S. Cold sensitivity of recombinant 
TRPA1 channels. Brain Res. 2007 Jul 30;1160:39-46. 
 
Sawada Y, Hosokawa H, Matsumura K, Kobayashi S. Activation of transient receptor potential 
ankyrin 1 by hydrogen peroxide. Eur J Neurosci. 2008 Mar;27(5):1131-42. 
 
Schmidt D, Jiang QX, MacKinnon R. Phospholipids and the origin of cationic gating charges in 
voltage sensors. Nature. 2006 Dec 7;444(7120):775-9. 
6. References 
                                                                                                                                         94 
Seeger HM, Aldrovandi L, Alessandrini A, Facci P. Changes in single K(+) channel behavior 
induced by a lipid phase transition. Biophys J. 2010 Dec 1;99(11):3675-83. 
 
Shao C, Sun B, Colombini M, DeVoe DL. Rapid Microfluidic Perfusion Enabling Kinetic 
Studies of Lipid Ion Channels in a Bilayer Lipid Membrane Chip. Ann Biomed Eng. 2011 
August; 39(8): 2242–2251. 
 
Shen BW, Perraud AL, Scharenberg A, Stoddard BL. The crystal structure and mutational 
analysis of human NUDT9. J Mol Biol. 2003 Sep 12;332(2):385-98. 
 
Siskind LJ, Kolesnick RN, Colombini M. Ceramide channels increase the permeability of the 
mitochondrial outer membrane to small proteins. J Biol Chem. 2002 Jul 26;277(30):26796-803. 
 
Siskind LJ, Davoody A, Lewin N, Marshall S, Colombini M. Enlargement and contracture of 
C2-ceramide channels. Biophys J. 2003 Sep;85(3):1560-75. 
 
Siskind LJ. Mitochondrial Ceramide and the Induction of Apoptosis. J Bioenerg Biomembr. 
2005 June; 37(3): 143–153. 
 
Siwy Z, Gu Y, Spohr HA, Baur D, Wolf-Reber A, Spohr R, Apel P, Korchev YE. Rectification 
and voltage gating of ion currents in a nanofabricated pore. Europhys. Lett.  
2002, 60(3): 349–355. 
 
Small DL, Morris CE. 1994. Delayed activation of single mechanosensitive channels in 
Lymnaea neurons. Am. J. Physiol.267:C598–606. 
 
Smirnov SN, Vlassiouk IV, Lavrik NV. Voltage-gated hydrophobic nanopores. ACS Nano. 2011 
Sep 27;5(9):7453-61. 
 
Sotomayor M, Corey DP, Schulten K. In search of the hair-cell gating spring elastic properties 
of ankyrin and cadherin repeats. Structure. 2005 Apr;13(4):669-82. 
 
Starkus J, Beck A, Fleig A & Penner R (2007). Regulation of TRPM2 by extra- and intracellular 
calcium. J Gen Physiol 130, 427–440. 
 
Stepanyan RS, Indzhykulian AA, Vélez-Ortega AC, Boger ET, Steyger PS, Friedman TB, 
Frolenkov GI. TRPA1-mediated accumulation of aminoglycosides in mouse cochlear outer hair 
cells. J Assoc Res Otolaryngol. 2011 Dec;12(6):729-40. 
 
Story GM, Peier AM, Reeve AJ, Eid SR, Mosbacher J, Hricik TR, Earley TJ, Hergarden AC, 
Andersson DA, Hwang SW, McIntyre P, Jegla T, Bevan S, Patapoutian A. ANKTM1, a TRP-
like channel expressed in nociceptive neurons, is activated by cold temperatures. Cell. 2003 Mar 
21;112(6):819-29. 
 
Sura L, Zima V, Marsakova L, Hynkova A, Barvik I, Vlachova V. C-terminal acidic cluster is 
involved in the Ca2+-induced regulation of the human TRPA1 channel. J Biol Chem. 2012 Mar 
29. 
 
6. References 
                                                                                                                                         95 
Talavera K, Nilius B, Voets T. Neuronal TRP channels: thermometers, pathfinders and life-
savers. Trends Neurosci. 2008 Jun;31(6):287-95. 
 
Talavera K, Gees M, Karashima Y, Meseguer VM, Vanoirbeek JA, Damann N, Everaerts W, 
Benoit M, Janssens A, Vennekens R, Viana F, Nemery B, Nilius B, Voets T. Nicotine activates 
the chemosensory cation channel TRPA1. Nat Neurosci. 2009 Oct;12(10):1293-9.  
 
Taylor-Clark TE, Undem BJ. Ozone activates airway nerves via the selective stimulation of 
TRPA1 ion channels. J Physiol. 2010 Feb 1;588(Pt 3):423-33. 
 
Tieleman DP, Leontiadou H, Mark AE, Marrink SJ. Simulation of pore formation in lipid 
bilayers by mechanical stress and electric fields. J Am Chem Soc. 2003 May 28;125(21):6382-3. 
 
Togashi K, Hara Y, Tominaga T, Higashi T, Konishi Y, Mori Y, Tominaga M. TRPM2 activation 
by cyclic ADP-ribose at body temperature is involved in insulin secretion. EMBO J. 2006 May 
3;25(9):1804-15. 
 
Togashi K, Inada H, Tominaga M. Inhibition of the transient receptor potential cation channel 
TRPM2 by 2-aminoethoxydiphenyl borate (2-APB). Br J Pharmacol. 2008 Mar;153(6):1324-30 
 
Tombola F, Pathak MM, Isacoff EY. How does voltage open an ion channel? Annu Rev Cell 
Dev Biol. 2006;22:23-52. 
 
Tong Q, Zhang W, Conrad K, Mostoller K, Cheung JY, Peterson BZ & Miller BA (2006). 
Regulation of the transient receptor potential channel TRPM2 by the Ca2+ sensor calmodulin. J 
Biol Chem 281, 9076–9085. 
 
Träuble H. The movement of molecules across lipid membranes: A molecular theory. J Membr 
Biol 1971;4:193-208. 
 
Tsavaler L, Shapero MH, Morkowski S, Laus R. Trp-p8, a novel prostate-specific gene, is up-
regulated in prostate cancer and other malignancies and shares high homology with transient 
receptor potential calcium channel proteins. Cancer Res. 2001 May 1;61(9):3760-9. 
 
Tsong TY. Electroporation of cell membranes. Biophys J. 1991 Aug;60(2):297-306. 
 
Vanden Abeele F, Zholos A, Bidaux G, Shuba Y, Thebault S, Beck B, Flourakis M, Panchin Y, 
Skryma R, Prevarskaya N. Ca2+-independent phospholipase A2-dependent gating of TRPM8 by 
lysophospholipids. J Biol Chem. 2006 Dec 29;281(52):40174-82. 
 
Vay L, Gu C, McNaughton PA. The thermo-TRP ion channel family: properties and therapeutic 
implications. Br J Pharmacol. 2012 Feb;165(4):787-801. 
 
Venturoli M, Smit B, Sperotto MM. Simulation studies of protein-induced bilayer deformations, 
and lipid-induced protein tilting, on a mesoscopic model for lipid bilayers with embedded 
proteins. Biophys J. 2005 Mar;88(3):1778-98. 
 
Vernier PT, Sun Y, Gundersen MA. Nanoelectropulse-driven membrane perturbation and small 
molecule permeabilization. BMC Cell Biol. 2006 Oct 19;7:37. 
6. References 
                                                                                                                                         96 
Vilceanu D, Stucky CL. TRPA1 mediates mechanical currents in the plasma membrane of 
mouse sensory neurons. PLoS One. 2010 Aug 16;5(8):e12177. 
 
Viswanath V, Story GM, Peier AM, Petrus MJ, Lee VM, Hwang SW, Patapoutian A, Jegla T. 
Opposite thermosensor in fruitfly and mouse. Nature. 2003 Jun 19;423(6942):822-3. 
 
Voets T, Droogmans G, Wissenbach U, Janssens A, Flockerzi V, Nilius B. The principle of 
temperature-dependent gating in cold- and heat-sensitive TRP channels. Nature. 2004 Aug 
12;430(7001):748-54. 
 
Voets T, Talavera K, Owsianik G, Nilius B. Sensing with TRP channels. Nat Chem Biol. 2005 
Jul;1(2):85-92. 
 
Voets T, Owsianik G, Janssens A, Talavera K, Nilius B. TRPM8 voltage sensor mutants 
reveal a mechanism for integrating thermal and chemical stimuli. Nat Chem Biol. 2007 
Mar;3(3):174-82. 
 
Wan X, Juranka P, Morris CE. Activation of mechanosensitive currents in traumatized 
membrane. Am J Physiol. 1999 Feb;276(2 Pt 1):C318-27. 
 
Wang YY, Chang RB, Waters HN, McKemy DD, Liman ER. The nociceptor ion channel TRPA1 
is potentiated and inactivated by permeating calcium ions. J Biol Chem. 2008 Nov 
21;283(47):32691-703. 
 
Weaver JC. Electroporation theory. Concepts and mechanisms.Methods Mol Biol. 1995;47:1-
26. 
 
Wei ET, Seid DA. AG-3-5: a chemical producing sensations of cold. J Pharm Pharmacol. 1983 
Feb;35(2):110-2. 
 
Wes PD, Chevesich J, Jeromin A, Rosenberg C, Stetten G, Montell C. TRPC1, a human 
homolog of a Drosophila store-operated channel. Proc Natl Acad Sci U S A. 1995 Oct 
10;92(21):9652-6. 
 
Wolff S, Erster S, Palacios G, Moll UM. p53's mitochondrial translocation and MOMP action is 
independent of Puma and Bax and severely disrupts mitochondrial membrane integrity. Cell 
Res. 2008 Jul;18(7):733-44. 
 
Woodbury DJ. Pure lipid vesicles can induce channel-like conductances in planar bilayers. J 
Membr Biol. 1989 Jul;109(2):145-50.  
 
Wu LJ, Sweet TB, Clapham DE. International Union of Basic and Clinical Pharmacology. 
LXXVI. Current progress in the mammalian TRP ion channel family. Pharmacol Rev. 2010 
Sep;62(3):381-404. 
 
Wunderlich B, Leirer C, Idzko AL, Keyser UF, Wixforth A, Myles VM, Heimburg T, Schneider 
MF. Phase-state dependent current fluctuations in pure lipid membranes. Biophys J. 2009 Jun 
3;96(11):4592-7. 
6. References 
                                                                                                                                         97 
Wyllie DJA, 2007.Single-channel recording. In Patch-Clamp analysis: Advanced  techniques 
(Walz, W., editor).  Humana  Press,  New Jersey,  69–119. 
 
Xu Y, Ramu Y, Lu Z. Removal of phospho-head groups of membrane lipids immobilizes 
voltage sensors of K+ channels. Nature. 2008 Feb 14;451(7180):826-9. 
 
Yang J, Appleyard J. The main phase transition of mica-supported phosphatidylcholine 
membranes. J. Phys. Chem. B. 104:8097–8100 
 
Yafuso M, Kennedy S, Freeman A. Spontaneous conductance changes, multilevel conductance 
states and negative differential resistance in oxidized cholesterol black lipid membranes. J 
Membr Biol 1974;17:201–212 
 
Yellen G. The voltage-gated potassium channels and their relatives. Nature. 2002 Sep 
5;419(6902):35-42. 
 
Yoshikawa K, Fujimoto T, Shimooka T, Terada H, Kumazawa N, Ishii T. Electrical oscillation 
and fluctuation in phospholipid membranes. Phospholipids can form a channel without protein. 
Biophys Chem. 1988 Apr;29(3):293-9. 
 
Zakharian E, Thyagarajan B, French RJ, Pavlov E, Rohacs T. Inorganic polyphosphate 
modulates TRPM8 channels. PLoS One. 2009;4(4):e5404 
 
Zasloff M. Antimicrobial peptides of multicellular organisms. Nature. 2002 Jan 
24;415(6870):389-95. 
 
Zhang L, Barritt GJ. Evidence that TRPM8 is an androgen-dependent Ca2+ channel required for 
the survival of prostate cancer cells. Cancer Res. 2004 Nov 15;64(22):8365-73. 
 
Zhang XF, Chen J, Faltynek CR, Moreland RB, Neelands TR. Transient receptor potential A1 
mediates an osmotically activated ion channel. Eur J Neurosci. 2008 Feb;27(3):605-11. 
 
Zhelev DV, Needham D. Tension-stabilized pores in giant vesicles: determination of pore size 
and pore line tension. Biochim Biophys Acta. 1993 Apr 8;1147(1):89-104. 
 
Zheng H, Liu W, Anderson LY, Jiang QX. Lipid-dependent gating of a voltage-gated potassium 
channel. Nat Commun. 2011;2:250. 
 
Zurborg S, Yurgionas B, Jira JA, Caspani O, Heppenstall PA. Direct activation of the ion 
channel TRPA1 by Ca2+.Nat Neurosci. 2007 Mar;10(3):277-9. 
 
 
 
7. Appendix 
                                                                                                                                         98 
7 Appendix 
 
 
A  List of open times of TRPM2 and M2M8P 
 
B  Single-channel conductance of TRPM2, TRPM8 and M2M8P 
 
C  List of closed times of TRPM2 and M2M8P 
 
D  List of open times of TRPM8  
 
E  Mechanical activation of TRPA1 in HEK293 cells by suction during inside-out 
 configuration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Appendix 
                                                                                                                                         99 
A List of open times of TRPM2 at Vpatch = -60 mV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1578.101563 372.000000 1999.500000 197.546906 
1397.546997 536.804504 179.398407 398.500000 
1383.148560 2472.601563 70.703102 623.703003 
1181.953125 82.804604 293.703003 844.546997 
871.101624 10.203000 206.351593 484.796997 
849.554626 2105.304688 63.500000 131.453003 
1.101500 26.000000 165.148407 381.500000 
87.796997 2194.398438 4.445400 1.101500 
30.843800 23.297001 1751.953003 720.601624 
86.453003 203.703094 692.546875 137.898499 
10.547000 24.702999 0.195500 754.648499 
229.250000 188.703094 3.851500 86.851501 
1.562200 1300.296997 250.046906 32.398499 
0.156200 503.898499 393.000000 122.000000 
67.203003 1208.898560 3.898500 1812.296875 
6.296900 663.601501 479.703094 0.547000 
204.000000 0.500000 53.554600 0.343900 
49.047001 118.500000 310.351501 0.195400 
413.843903 120.695396 48.296902 0.101500 
0.500000 84.796898 0.796900 0.351500 
0.109100 517.203125 110.796997 449.351501 
176.156097 883.101501 434.796997 572.398499 
0.312200 26.702999 435.203094 343.546997 
133.109100 1026.500000 79.750000 178.250000 
154.500000 416.593903 1093.750000 0.351500 
27.609100 1813.703125 833.898499 107.296997 
56.750000 1654.101563 178.000000 343.648499 
3.312200 466.898499 392.898407 653.648499 
24.750000 259.101593 1560.296997 560.750000 
0.140900 215.195404 0.101600 334.101501 
86.500000 95.296997 31.843901 452.648499 
10.000000 1.601600 250.648499 0.593900 
3.906000 128.500000 288.000000 2341.101563 
0.297000 767.203125 489.898407 741.796997 
4.156100 0.406100 106.000000 219.304596 
805.656006 370.000000 217.500000 125.500000 
231.406097 63.702999 361.906097 249.148407 
160.296906 200.500000 403.250000  
6.750000 497.900513 1963.750000  
415.796906 1193.199219 117.601601  
1.000000 800.198975 570.656128  
734.500000 61.599499 24.500000  
419.437805 564.099487 189.750000  
16.203100 1578.099731 311.351501  
41.500000 856.698975 5.953100  
731.203003 96.898201 105.500000  
182.601501 13.199000 168.703003  
362.703094 589.400513 149.250000  
1.297000 1441.099487 283.554504  
1481.695557 200.500000 1147.703003  
334.601501 2553.500000 949.796875  
138.296997 564.099487 175.156097  
174.500000 2545.500000 0.351500  
326.804596 589.400513 409.898407  
2062.000000 1441.099487 368.148499  
96.000000 515.203003 198.046997  
304.796997 663.851501 377.648499  
1141.195435 374.000000 99.703003  
1135.195557 225.500000 254.000000  
617.898499 2657.148438 193.601501  
1236.898560 554.851501 0.101500  
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A List of open times of M2M8P at Vpatch = -60 mV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1600.453125 74.500000 406.099487 195.347504 208.400497 
875.437805 22.453100 574.051025 56.398201 244.000000 
1567.859131 248.500000 794.599487 75.898499 69.101799 
88.859200 1441.953125 661.700317 76.750000 806.900513 
6.296900 650.703003 697.850708 2.351800 367.500000 
240.953003 229.000000 2441.350586 0.148500 283.500000 
281.296997 1110.500000 5941.949219 2.148200 51.500000 
133.953094 384.906097 1601.398193 0.949300 51.599499 
997.296875 989.062195 680.048523 2.301000 165.101807 
383.390900 106.250000 1140.500000 0.402500 477.300995 
512.109192 935.593811 19.199499 2.101500 47.700298 
394.500000 1067.953003 41.250000 435.500000 38.199001 
382.843811 376.350006 108.101501 140.300705  
659.703003 344.850006 120.597702 148.800797  
428.109100 205.000000 232.750000 26.550699  
476.343994 527.200012 2125.847656 473.199310  
86.953102 391.149994 853.949524 241.101501  
209.656006 246.399994 1863.750000 1087.000000  
73.405998 70.349998 192.800507 507.296997  
50.140900 334.699890 0.402300 52.800201  
339.750000 73.800003 1032.648193 1400.799927  
694.093994 869.250000 12.449500 685.200195  
377.406097 187.449997 683.500000 34.400002  
2186.500000 107.500000 392.148193 23.899900  
60.640800 0.250000 950.648499 90.000000  
146.750000 0.150000 586.000000 53.100101  
24.906200 11.750000 1516.296997 62.500000  
2220.203125 197.000000 292.898193 326.299988  
13.093800 51.400002 24.000000 56.500000  
170.296906 5.550200 779.648499 355.000000  
160.156097 57.599998 39.199501 287.000488  
3.312200 201.949997 911.551025 85.200500  
76.109100 859.949829 201.949493 513.799988  
409.453003 2.750000 219.199295 111.000000  
477.296906 415.000000 752.101501 14.900200  
69.859100 0.949800 767.601501 83.801003  
93.953003 46.400200 36.000000 574.600708  
450.640900 150.399902 803.051025 331.000000  
41.344002 56.949799 167.851501 114.500000  
724.703125 24.600000 13.000000 516.000000  
414.000000 352.550201 267.847504 258.500000  
28.390800 411.700012 110.398499 119.599800  
0.093800 513.699890 89.902496 99.300003  
6.250000 170.450104 15.250000 168.599792  
61.500000 283.299988 74.449303 96.900497  
14.109200 278.750000 191.203003 64.600700  
537.437805 84.799896 11.300800 77.299698  
281.843903 442.150513 599.296997 71.500000  
1638.203125 50.250000 357.250000 86.799500  
801.250000 862.948975 391.453003 660.600525  
292.799988 28.500000 178.200500 113.400497  
404.100708 21.600500 91.400497 873.099487  
85.799698 260.399292 216.000000 25.000000  
232.699005 53.000000 262.798706 185.099503  
126.801003 199.900497 599.500000 92.400497  
27.400499 311.600708 144.400497 33.101799  
120.799500 116.500000 66.101799 236.500000  
559.299500 143.000000 50.201500 63.798500  
227.000000 121.200203 75.199203 494.798492  
42.900501 65.099503 1121.198975 788.500000  
17.798700 211.199005 56.000000 282.699188  
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B      Single-channel conductance of TRPM2, TRPM8 and M2M8P 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Currents were recorded in inside-out configuration with 1.2 mM Ca2+ on the 
extracellular side of the membrane and 1 M Ca2+ in intracellular solution. TRPM2 and 
M2M8P were activated by 0.2 mM ADPR, TRPM8 was stimulated by 0.1 M icilin. 
 
 
Vpatch  
(mV) 
TRPM8 
Exp.1 
io  (pA) 
TRPM8 
Exp.2 
io (pA) 
TRPM8 
Exp.3 
io  (pA) 
TRPM8 
Exp.4 
io (pA) 
TRPM8 
Exp.5 
io (pA) 
TRPM8 
Exp.6 
io (pA) 
TRPM8 
Mean 
io  (pA) 
TRPM8 
SEM 
io (pA) 
+100 7.4 8.0 8.0 -- 5.8 4.0 6.64 0.77 
+80 5.8 5.8 6.4 6.0 5.0 3.0 5.33 0.50 
+60 4.6 4.4 4.4 4.4 4.2 2.5 4.08 0.32 
+40 3.6 3.0 3.0 2.5 2.8 2.0 2.82 0.22 
-40 -3.8 -- -2.0 -3.0 -3.0 -2.0 -2.76 0.34 
-60 -4.8 -3.0 -3.0 -3.9 -4.0 -3.6 -3.72 0.28 
-80 -- -3.7 -4.4 -5.0 -5.0 -4.3 -4.48 0.24 
Vpatch 
(mV) 
TRPM2 
Exp.1 
io  (pA) 
TRPM2 
Exp.2 
io (pA) 
TRPM2 
Exp.3 
io  (pA) 
TRPM2 
Exp.4 
io (pA) 
TRPM2 
Exp.5 
io (pA) 
TRPM2 
Exp.6 
io (pA) 
TRPM2 
Mean 
io  (pA) 
TRPM2 
SEM 
io (pA) 
+90 7.0 -- 5.5 -- 6.5 5.0 6.00 0.46 
+80 -- -- 5.0 5.0 -- -- 5.00 0.00 
+60 4.0 -- 4.0 3.0 4.0 3.0 3.60 0.24 
+40 -- -- 3.0 2.0 -- 1.0 2.00 0.58 
-40 -- -- -3.0 -3.0 -- -1.5 -2.50 0.50 
-60 -4.0 -4.3 -4.0 -4.5 -4.0 -3.0 -4.00 0.26 
-80 -5.5 -- -5.0 -6.0 -5.5 -4.0 -5.20 0.34 
-90 -6.0 -5.0 -- -- -- -- -5.50 0.50 
Vpatch  
(mV) 
M2M8P 
 Exp.1 
io  (pA) 
M2M8P  
Exp.2 
io (pA) 
M2M8P 
Exp.3 
io  (pA)
M2M8P 
Mean 
io  (pA)
M2M8P 
SEM 
io (pA)
+80 -- 5.0 6.0 5.50 0.50
+60 4.0 3.0 4.0 3.67 0.33
+40 -- 2.0 3.0 2.50 0.50
-40 -2.0 -3.5 -3.0 -2.83 0.44
-60 -4.0 -5.0 -4.5 -4.50 0.29
-80 -5.5 -- -6.0 -5.75 0.25
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C      Closed times of TRPM2 at Vpatch = -60 mV 
 
 
0.640900 0.101500 0.195400 0.695400 0.195500 0.601500 0.101600 0.351500 0.203000 
0.109100 0.101500 0.203000 0.203100 0.195400 0.250000 0.297000 0.297000 0.703000 
0.094000 0.296900 0.195500 0.203000 0.203000 0.148500 0.398500 0.148500 0.101600 
0.156000 0.203000 0.203000 2.601500 0.398500 0.351600 0.101600 0.101500 0.101500 
0.156200 0.148500 0.195400 0.797000 0.297000 0.203100 0.203000 0.250000 0.101500 
0.109100 0.148400 0.195400 0.195500 0.699200 0.250000 0.156100 0.148500 0.148400 
0.437800 0.148500 0.195400 0.195500 1.701300 0.343900 0.750000 0.351500 0.250000 
0.250000 0.101500 0.297000 0.195400 0.199000 0.195400 0.156100 0.156100 0.203000 
0.203000 0.101600 0.195400 0.195400 0.201300 0.304500 0.703000 0.101500 0.304500 
0.398500 0.601500 0.203000 0.398500 0.201500 0.250000 0.101500 0.195400 0.093900 
0.195500 0.101500 0.203000 0.304500 0.400500 0.156100 0.093900 0.101500 0.101500 
0.500000 0.101600 0.195500 0.703000 0.199000 0.148500 0.195400 0.250000 0.093900 
0.898500 0.156100 0.195400 0.195400 0.201300 0.148500 0.445500 1.203100 0.445500 
0.898400 0.398400 0.601500 0.304600 0.201500 0.203000 0.148500 0.195400 1.046900 
0.203000 0.148500 0.398400 1.804600 0.201300 0.250000 0.343800 0.203100 0.148500 
0.203000 0.101500 0.195400 0.398500 0.301000 0.195400 0.203100 0.101500 0.101500 
0.203000 0.101600 0.203000 0.195500 1.199000 0.203100 1.547000 0.296900 5.453000 
0.203000 0.093900 0.203000 0.203000 0.400500 0.250000 2.296900 0.203000 0.101500 
0.398500 0.695400 0.203100 0.195400 0.199000 0.148500 0.203100 0.195400 0.148500 
0.406100 0.250000 0.195500 0.297000 0.449200 0.203000 0.109100 0.250000 0.101500 
0.195400 0.101500 0.195400 0.297000 0.199000 0.703000 0.109100 0.195400 0.203000 
0.296900 0.093900 0.195500 0.203000 1.199000 0.203000 0.453000 0.148500 0.250000 
0.398500 0.093900 0.195400 0.203100 0.201300 0.195400 0.093900 0.203100 0.101600 
0.203100 0.250000 0.203000 0.203100 0.300800 0.304600 0.640800 0.156100 0.148400 
1.796900 0.750000 0.601500 0.304500 0.250000 0.296900 0.344000 0.296900 0.101500 
0.195500 0.109200 0.296900 0.195400 0.199200 0.148500 0.593800 0.250000 0.101600 
0.406100 0.094000 0.898500 0.203000 0.148500 0.148500 1.796900 0.148500 0.101500 
0.203100 0.250000 0.695400 0.203000 0.648500 0.148500 2.406100 0.148500 0.093900 
2.203000 0.156000 0.695500 0.203100 0.203000 0.648500 0.859200 0.101500 0.148500 
0.195400 0.094000 0.797000 0.195400 0.250000 0.906100 0.390800 0.851500 0.101500 
0.203000 0.093800 0.500000 0.203000 0.601500 0.250000 0.140800 0.250000 0.203000 
0.203000 0.187800 0.796900 0.203100 1.547000 0.203000 1.859100 0.101600 0.547000 
0.703000 0.156100 1.000000 0.203000 0.156100 0.250000 0.297000 0.101600 0.101500 
0.203000 0.094000 0.296900 1.000000 0.453000 0.250000 0.296900 0.093900 0.195500 
0.195500 0.203000 0.195400 0.203100 0.695500 0.453000 0.140800 0.101500 0.101600 
0.203100 0.109100 0.304600 0.203000 0.148500 0.851600 0.296900 2.453000 0.101500 
0.703100 0.203000 0.304600 0.195400 0.148500 0.351600 0.140800 0.195400 0.101500 
0.203000 0.344000 0.195400 0.203100 0.351500 0.195400 0.203000 0.148500 0.148500 
0.203100 0.093900 0.296900 0.195400 0.546900 0.945500 0.203100 0.195500 0.148500 
0.203000 0.140900 0.593900 0.203000 0.195400 0.250000 0.203100 0.101600 0.398500 
0.500000 0.187800 0.898500 0.195500 0.195400 0.351500 0.297000 0.351600 0.148500 
0.195500 0.093900 0.195500 0.203000 0.703100 0.093900 0.703000 0.101600 0.703000 
0.203000 0.297000 0.297000 0.203000 1.453000 0.203000 1.601500 0.148500 0.101500 
0.203100 0.250000 3.500000 1.195400 0.195400 0.250000 0.101600 0.101500 0.148500 
0.195500 0.140900 2.101600 0.195500 0.250000 0.101600 0.101500 0.250000 0.101500 
0.203100 0.093800 0.703000 0.203000 0.148500 0.593900 0.601500 0.093900 0.101500 
1.500000 0.203100 0.195400 0.304500 0.398400 0.148500 0.351600 0.101500 0.101500 
0.195500 0.203000 0.203100 0.500000 1.101600 0.203100 0.593900 0.093900 0.148500 
0.304500 0.156100 0.203000 0.203000 1.351600 0.203100 0.500000 0.500000 0.093900 
0.500000 0.140900 0.203000 0.203100 0.398500 0.445500 0.703100 1.703100 0.148500 
0.500000 0.250000 0.195500 0.195400 0.156100 0.203000 0.250000 2.148400  
0.500000 0.250000 0.195400 0.203000 0.250000 0.148500 0.203000 0.296900  
0.195400 0.140900 0.601500 0.203000 0.148500 0.250000 0.195400 0.398500  
0.203000 1.797000 0.203000 0.195500 0.203000 0.398500 0.351600 0.695500  
0.500000 0.203100 0.203100 0.297000 0.148500 0.101500 0.203100 0.101500  
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C      Closed times of M2M8P at Vpatch = -60 mV 
 
 
0.6409 0.1998 0.2998 0.1995 0.5000 0.1992 0.3008 0.1955 0.1015 0.6954 0.1875 
0.1878 0.3999 0.2002 0.1992 0.1993 0.1995 0.5000 0.2030 0.9530 0.4530 0.1563 
0.0939 0.1998 0.2000 0.1993 0.1995 0.2030 0.1990 0.2030 0.2970 0.8984 0.2500 
0.2031 0.1998 0.2002 0.2030 0.3985 0.6992 0.9025 0.2031 0.1485 0.1485 0.3437 
0.0940 0.1999 0.4002 0.2030 0.2030 0.3010 0.2030 0.5000 0.2500 0.1485 0.1565 
0.0939 0.6000 0.2000 0.1990 0.1995 0.1995 0.1992 0.1954 0.1525 0.2500 0.9062 
0.2031 0.1998 0.1990 0.5000 0.3008 0.6015 0.6993 0.2030 0.1523 0.1561 0.1500 
0.1560 0.4002 0.2003 0.1990 1.5000 0.1990 0.5000 0.2030 0.1015 0.3046 0.1000 
0.3591 0.6999 0.2003 0.4025 0.5000 0.8985 0.2030 0.2030 0.3477 0.1485 0.1000 
0.3908 0.2000 0.3995 0.1992 3.5000 0.7970 0.2970 0.1954 0.4490 0.2500 0.1000 
0.1092 0.1999 0.2005 0.1990 3.8982 0.1990 0.1995 0.2030 0.6525 0.1485 0.1001 
0.3592 0.2000 0.1990 0.5977 0.3005 0.1995 0.3010 0.2031 0.2500 1.0545 0.1000 
0.2970 0.2000 0.2000 0.1992 0.1993 0.2030 0.1995 0.3984 0.6015 0.2031 0.1000 
0.3592 1.0000 0.5995 0.1995 0.1992 0.2970 0.3007 0.1954 0.0975 0.3516 0.1500 
0.1408 0.9000 0.4005 0.1990 0.1995 0.3007 0.3008 0.2030 0.3475 1.0000 0.1500 
0.5000 0.2998 0.4003 0.2970 0.6015 0.2970 0.8005 0.7030 0.3010 0.2500 0.1000 
0.3591 0.1990 0.3010 0.1993 0.1993 0.3010 0.2030 0.2030 0.0975 0.1561 0.1500 
0.2030 0.2000 0.8982 0.1993 0.5977 2.0000 0.3982 0.2970 0.2500 0.4065 0.2500 
0.3909 0.2995 0.2985 0.1995 5.0000 0.1995 0.1993 0.2970 0.1485 0.0938 0.0998 
1.0000 4.2005 0.1990 0.3007 0.5000 3.1992 0.3007 0.3982 0.2500 0.1250 0.1500 
1.1091 0.3993 0.2013 0.1993 0.4025 0.5977 0.6015 0.1993 0.1015 0.1563 0.2002 
0.0938 1.1990 0.1990 0.1993 0.7030 0.1992 0.1993 0.1015 0.1016 0.0940 0.6500 
0.2031 0.2003 0.1992 0.2030 0.2030 0.1990 0.4023 0.2500 0.2969 0.0940 0.1499 
0.1878 2.3995 0.4005 0.3985 0.3005 0.1992 0.3005 0.1523 0.1015 0.2813 0.2002 
0.7030 0.2000 0.4005 0.1992 0.1990 0.6995 0.3982 0.1523 0.0937 0.1878 0.2500 
0.2031 0.2995 0.2013 0.1990 0.1990 0.1995 0.1992 0.0975 0.4063 0.0938 0.1500 
0.3439 0.2003 0.4005 0.1995 0.3985 0.1992 0.4025 0.1525 0.8750 0.2500 0.0998 
0.1409 0.2003 0.5000 0.1993 0.6018 0.3985 0.1992 0.0977 0.2500 0.1250 0.1001 
0.1408 0.2002 0.1990 0.3985 2.8007 0.5977 0.3985 0.1995 0.1250 0.1563 0.1000 
0.1092 0.5000 0.1990 0.2030 2.1992 2.5000 0.1995 0.1523 0.2500 0.2500 0.1499 
0.2970 0.1990 0.2985 0.1990 0.3010 0.2030 0.1995 0.3982 0.2187 0.8440 0.1502 
0.5470 0.2003 0.2015 0.1995 0.3985 0.2030 0.1995 0.1018 0.9685 0.1250 0.1499 
0.2969 0.3000 0.2015 0.3005 1.1015 0.1993 0.3008 0.1523 0.4065 0.1562 0.0995 
0.5000 0.2005 1.2015 1.6018 0.3010 0.1993 0.1993 0.3515 0.1560 0.1250 0.4005 
0.5000 0.2005 0.1990 0.1995 0.5000 0.1992 6.5000 0.7500 1.0000 0.5000 0.5510 
0.0939 0.9005 0.5995 0.3985 0.5000 0.1992 0.2030 0.1525 0.2500 0.0937 0.0995 
0.2500 2.0995 0.1992 0.2030 2.3007 0.3985 0.1992 0.3518 0.3435 0.1560 0.6007 
0.3909 0.2000 0.6990 0.3010 7.1015 0.1992 0.1992 0.8005 0.3438 0.2500 0.1990 
0.2500 0.2002 0.2987 0.5977 0.3007 0.1995 0.4023 0.1015 0.1565 0.0938 0.1018 
0.3591 0.1990 0.3008 0.1995 0.8008 0.3010 0.2030 0.1990 0.2500 0.1563 0.2015 
0.2969 0.2005 0.1992 0.1995 1.0977 0.5000 0.2970 1.3005 0.4065 0.2500 0.6482 
0.2031 0.2997 0.2013 0.1990 3.6015 0.1995 0.1954 0.1482 0.2500 0.9378 0.1523 
0.2030 0.2000 0.1992 0.2030 1.5000 0.1990 0.1954 0.1015 0.1565 0.3125 0.1523 
0.1878 0.2005 13.1990 0.1992 1.8985 0.1990 0.2030 0.2970 0.6562 0.2813 0.1523 
0.8122 0.2000 0.2013 0.3982 0.3985 0.5975 0.7030 0.1015 0.3440 0.3435 0.3515 
0.2970 0.1990 0.3010 0.3007 0.1993 0.2030 0.2030 0.1485 0.3437 0.2030 0.6482 
0.3440 0.2005 0.2013 0.2030 0.2030 0.1992 0.1955 0.0975 0.5935 0.2030 0.1485 
0.2969 0.2002 0.2015 0.4023 0.3005 0.1993 0.7970 0.1485 0.1562 0.0939 0.1954 
0.1560 0.1990 0.7015 0.1992 0.3008 0.1990 0.1954 0.1525 0.3438 0.1092 0.1485 
1.1409 0.2003 0.1990 0.3005 0.1990 0.5000 1.1016 0.1015 0.4060 0.1092 0.2500 
0.5940 0.1990 0.5000 1.8007 0.1992 0.7970 0.8985 0.5000 0.1565 0.0938 0.1485 
0.2031 0.4005 0.1993 0.2030 0.5000 0.1993 0.5000 0.4490 0.6565 0.0938 0.1485 
0.2030 0.2998 0.1992 0.1990 0.1995 0.3005 0.2030 0.1992 0.4378 0.2031 0.2031 
0.5470 0.6007 0.4023 0.1993 0.1992 0.3010 0.2031 0.2500 0.2813 0.1562 0.5000 
0.5545 0.2000 0.2030 0.2030 0.8985 8.3010 0.2030 0.3477 0.7815 0.0939  
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C      Closed times of TRPM2 at Vpatch = -120 mV 
 
 
0.0938 0.6015 0.1993 0.1992 0.1017 0.1485 0.7030 0.2970 0.4061 0.0939 0.1016 
0.3439 0.3982 0.1993 0.1525 0.1407 0.1015 0.2500 0.2031 0.1015 0.1484 0.3985 
0.1878 0.1992 0.6992 0.2030 0.8204 0.1485 0.1015 0.1485 0.1954 0.3516 0.2030 
0.2030 0.1992 0.5000 0.5000 1.6795 0.1561 0.1015 0.4531 0.2031 0.0939 0.2500 
0.2031 0.1990 0.8007 0.2970 0.1409 0.5470 0.1015 0.3045 0.1484 0.3046 0.0939 
0.1878 0.1992 0.1992 0.8477 0.4413 0.3985 0.2030 0.2500 0.5545 1.6485 0.1016 
0.2031 0.1992 0.2030 0.1992 0.7385 0.1016 0.1561 0.7500 0.1561 3.2500 0.4531 
0.2969 0.5000 0.2030 0.3515 0.4808 0.1561 0.1015 0.1016 0.3045 0.1015  
0.5000 0.1992 0.1954 0.1482 0.1798 0.1015 0.2031 0.1015 0.1015 1.3984  
0.1409 0.2030 0.1954 0.1525 1.9416 0.2500 0.1485 0.1485 0.1485 0.1016  
0.7030 0.1993 0.6015 1.2500 1.0820 0.1015 0.1955 0.1485 0.1484 0.1016  
0.3909 0.1995 1.1016 0.2500 0.8985 0.4531 0.1015 0.3515 0.1485 0.1016  
0.2030 0.3007 0.2030 0.3005 0.2383 0.0939 0.1015 0.1016 1.5470 1.2500  
0.2500 1.2030 0.2030 0.1525 0.3166 0.1015 0.1015 0.2031 0.1016 0.5470  
0.2030 0.2030 0.1955 0.2500 0.3205 0.1015 0.0939 0.2031 0.2030 1.2500  
0.4062 0.3007 0.2031 0.1523 0.5195 0.1015 0.1015 0.0939 0.7030 0.1954  
0.1562 0.3010 0.1993 0.2500 0.0939 0.1015 0.1561 0.1016 0.2500 1.9530  
0.0939 0.1990 0.3005 0.4023 0.1485 0.2500 0.1484 0.1485 0.5000 0.2500  
0.1408 0.2030 0.1995 0.1523 0.1484 0.0939 0.2970 1.1016 0.1484 0.6954  
0.1561 0.1993 0.4530 0.3475 0.1484 0.1485 0.0939 0.2030 0.2031 0.2030  
0.1561 0.1993 0.1485 3.1525 0.1954 0.1561 0.4530 0.3985 0.1561 0.0939  
0.0939 0.1990 0.1523 0.2030 1.1485 0.1485 0.1015 0.1015 0.1561 0.2970  
0.3438 0.1992 0.4493 0.1993 0.1955 0.1016 0.1955 0.1485 0.1015 0.2500  
1.2969 0.1992 1.4492 0.2970 0.1015 0.3516 0.1015 0.1484 0.6561 0.3515  
0.5470 0.2030 0.1990 0.2500 0.1484 0.1484 0.2500 0.4531 0.1485 0.2500  
0.2030 0.3005 0.3005 0.5977 0.1015 0.1015 0.1015 0.2500 0.2500 0.2030  
0.0939 0.1990 0.2030 0.2970 0.1485 0.6561 0.1485 0.0939 0.2031 0.2500  
0.1560 0.1993 0.4490 0.1995 2.0470 0.6015 0.2031 0.2500 0.1015 0.1015  
0.1091 0.2030 0.2500 0.3008 0.1016 0.1485 0.2030 0.2970 0.9530 0.1484  
0.2500 0.1990 2.2030 0.2500 0.1015 0.1485 0.6015 0.1015 0.1561 0.2500  
0.0939 0.1992 0.1485 0.1485 0.1955 0.3046 0.1015 0.1016 0.3515 0.1561  
0.0938 0.2030 0.3475 0.1485 0.1016 0.1485 0.2500 0.1016 0.1485 0.2500  
0.0939 0.1990 0.2500 0.4493 0.5000 0.6015 0.1015 0.2030 0.3985 0.1561  
0.0940 0.1990 0.4025 0.1485 0.7500 0.2500 0.3045 0.1485 0.1485 0.8045  
0.1092 0.1993 4.1995 0.2500 0.2969 0.1015 0.1485 0.1485 0.2500 0.2970  
0.1091 0.1990 0.6523 0.8477 0.0939 0.0939 0.1954 0.1485 0.2030 0.1485  
0.2970 0.2030 0.4490 0.3515 0.3515 0.1015 0.1485 0.1015 0.1015 0.5000  
1.0000 0.2030 2.3477 0.3985 0.1485 1.8439 0.2030 0.1485 0.3046 0.5000  
0.2030 0.2030 0.1523 0.8010 0.1016 0.3984 0.1485 0.3516 0.6955 1.1484  
0.3005 0.1995 0.7500 0.2500 0.4455 0.1954 1.5470 0.1016 0.1015 0.2500  
0.1993 0.3010 0.6015 0.3985 0.1015 0.1954 0.1485 0.9530 0.1954 0.1015  
0.3982 0.1993 0.2970 0.3008 0.2030 0.8439 0.1015 0.1561 0.1955 0.4531  
0.1993 0.2030 0.7500 0.1993 0.2500 0.2030 0.2030 0.2500 0.5000 0.1954  
0.1990 0.1990 0.6992 0.1485 0.1015 0.3515 0.0939 0.1955 0.0939 0.2500  
0.1992 0.1992 0.5975 0.2030 0.5000 0.1015 0.1015 0.5546 0.0939 0.2500  
0.1992 0.3010 0.4492 0.1523 2.1485 0.2031 0.1015 0.3515 0.1484 0.2500  
0.3007 0.1995 0.1485 0.5470 0.2500 0.0939 0.0939 0.2031 0.6485 0.2030  
0.2030 0.1993 0.3515 0.1525 0.1015 0.0939 0.1016 0.2031 0.5546 0.0939  
0.5975 0.5000 0.2500 0.3982 0.2500 0.1485 0.0939 0.2030 0.2031 0.1016  
0.1995 0.1992 0.1992 0.3515 0.5000 0.3046 0.1015 0.2031 0.0939 0.2970  
0.1990 0.1993 0.3515 0.4023 0.3515 0.5546 0.1485 0.1015 0.1015 0.1485  
0.2030 0.1990 0.1482 0.4495 0.0939 0.1485 0.7030 0.1485 0.1015 1.7500  
0.1995 0.1995 0.1990 0.3518 0.3515 0.2030 0.2970 0.1015 0.0939 0.8516  
0.1992 0.1995 0.3515 0.1485 0.1955 0.1015 0.2031 0.1484 0.1954 0.7030  
0.3005 0.5000 0.1990 0.1993 0.1015 0.1561 0.5545 0.2500 1.6955 0.2500  
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C      Closed times of M2M8P at Vpatch = -120 mV,  
 
 
0.703000 0.101500 0.301000 1.000000 0.398500 4.199300 2.199300 
0.703000 0.101500 0.601800 5.199000 0.300700 0.398500 0.597500 
2.898500 0.148200 0.400500 0.301000 0.199500 0.301000 0.800500 
4.796900 7.000000 0.900500 1.000000 0.398500 0.398500 1.000000 
1.453000 2.500000 0.199200 0.201500 0.301000 6.000000 0.402500 
0.453100 0.097700 0.601800 0.400300 0.199500 0.500000 0.199500 
0.297000 3.500000 0.199000 6.500000 0.398500 2.703000 0.500000 
1.046900 0.347700 1.000000 0.199000 1.601500 4.500000 2.703000 
0.453100 0.101800 2.298700 4.201500 4.597700 0.699300 0.500000 
0.101500 0.199200 13.500000 1.000000 0.402300 0.500000 0.597700 
4.750000 0.500000 0.599700 1.900500 0.800700 2.699300 0.898200 
7.547000 52.201302 2.900500 0.201500 0.500000 0.801000 0.699200 
0.398500 2.300800 1.000000 0.599500 0.500000 1.402500 1.500000 
0.250000 0.199000 0.199000 0.301000 0.398500 1.800700 0.300700 
0.195400 0.699000 0.400500 0.301000 1.797000 3.601500 0.199300 
0.101500 0.398200 83.801003 0.400500 0.800800 1.097500 0.199200 
2.101600 2.301000 0.201300 0.798500 0.398500 1.000000 0.297000 
0.445400 1.298700 39.798500 0.300800 0.800700 0.199000 0.203000 
0.148500 0.500000 0.199200 0.201500 0.601800 0.597700 0.398500 
7.047000 0.500000 0.500000 5.599700 0.398200 0.199000 0.402300 
3.296900 0.199000 1.099700 0.301000 3.402500 0.300500 1.000000 
7.148500 7.599500 2.400300 1.099700 0.699200 0.300500 1.902300 
0.250000 27.699200 0.398200 0.298700 1.402500 0.199200 0.398500 
0.554500 2.000000 0.199000 0.599500 1.500000 0.203000 0.199500 
0.500000 0.201300 1.099500 1.701500 0.199200 0.300800 0.500000 
3.250000 1.099500 1.701500 0.298500 2.300800 5.301000 0.199000 
0.203000 0.199200 1.599700 0.801000 17.000000 2.101500 0.199200 
1.656100 2.400500 0.500000 0.199200 13.902300 0.199300 0.801000 
2.648500 1.400500 2.400500 1.900500 14.000000 0.398500 0.500000 
0.500000 0.201500 0.201300 0.301000 0.300800 0.597500 0.402300 
0.297000 0.199200 13.900300 15.301000 5.097500 0.800700 0.199300 
0.796900 0.298700 0.301000 0.301000 0.800500 0.199500 0.902500 
10.656100 13.400500 2.000000 1.301000 0.199300 4.101500 0.281300 
0.804600 0.900500 3.199000 0.701500 0.398500 0.203000 51.906200 
1.054500 0.199000 0.500000 0.599500 0.199300 0.898500 0.406500 
0.851500 1.099700 0.199000 1.500000 0.199300 0.500000 0.250000 
0.101500 0.199000 1.500000 0.199000 0.301000 3.801000 1.906000 
0.101500 0.400300 0.201500 0.699000 0.203000 0.699000 0.500000 
0.101500 0.400500 0.301000 0.301000 0.199300 1.300800 0.406200 
1.500000 0.201300 1.099500 0.301000 0.402500 1.203000 0.187500 
1.000000 1.000000 1.199000 0.199200 0.199300 0.597700 0.187800 
0.297000 0.201500 0.199200 0.298500 0.597500 0.300800 0.156300 
0.156100 0.301000 0.298700 0.400500 0.300700 1.301000 0.156000 
2.297000 1.201300 0.199000 0.199200 0.300700 0.203000 0.312500 
0.304500 0.400300 0.298700 0.199000 1.203000 0.203000 11.750000 
0.500000 0.199200 0.701300 1.699000 0.297000 1.199200 0.500000 
0.148500 0.199000 0.301000 0.400500 0.199200 0.800800 2.718700 
0.601500 0.298700 0.699000 0.199200 0.398500 0.500000 5.281500 
0.097700 2.800800 0.199000 0.201500 0.402500 0.300700 0.968500 
0.101500 0.298700 0.300800 0.301000 0.203000 0.902500 0.156500 
3.250000 0.699000 0.400500 0.400500 0.800700 0.199200 0.312200 
0.101800 1.000000 0.601800 5.798500 0.402300 0.500000 0.156300 
2.750000 0.301000 0.500000 0.500000 0.902300 0.300500 0.156000 
0.148200 0.199000 0.301000 1.402500 0.199000 0.597700 0.906200 
0.199300 0.201500 2.000000 0.297000 0.500000 1.097500 0.250000 
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0.531300 1.000000 2.718700 2.000000 1.406500 0.101500 0.199200 
0.250000 0.125000 0.218500 0.312200 4.062500 0.500000 0.351800 
0.500000 3.656500 3.750000 0.875000 47.343700 0.148500 0.250000 
0.156000 0.187500 1.375000 0.312500 0.500000 0.449000 0.148500 
0.968700 0.406000 0.187500 0.156300 0.187800 0.851800 5.097700 
1.593500 0.343500 0.187500 0.125000 0.218700 0.101500 0.449300 
7.844000 0.187500 0.156200 3.906500 4.781300 0.250000 3.250000 
1.093800 0.406300 0.187500 0.125000 0.500000 0.203000 0.101500 
0.562500 0.250000 0.250000 0.500000 0.531300 0.547000 4.047000 
1.156300 0.156300 0.406500 3.343800 0.156300 0.902500 1.000000 
0.125000 1.031500 0.156200 0.468500 0.656000 1.250000 0.347700 
0.750000 0.406500 0.750000 0.250000 0.937800 0.152300 3.699200 
0.281300 3.031300 0.156000 0.500000 0.531300 0.101500 0.250000 
0.500000 9.000000 0.843500 0.750000 0.750000 0.750000 0.148200 
0.125000 1.218700 0.250000 0.968700 0.156200 0.101500 0.699500 
0.250000 0.625000 0.343700 0.250000 0.125000 0.203000 0.949300 
0.218700 0.156300 1.500000 0.375000 0.250000 0.949000 0.148500 
0.250000 0.812200 0.125000 0.500000 0.781500 0.152300 0.902300 
0.593700 0.187800 0.343800 2.593500 0.937500 0.601500 0.148200 
5.312500 0.218700 2.281300 0.656300 3.156500 0.203000 0.148200 
0.250000 0.187500 1.062500 0.812500 1.375000 7.500000 0.199300 
0.218700 0.468500 0.156500 0.343800 3.656000 0.398200 2.351800 
0.593500 0.406300 0.500000 0.187500 0.218700 0.750000 0.347700 
0.937800 0.406300 0.187500 1.781300 0.156200 0.148500 0.097700 
0.250000 0.906500 1.937800 0.875000 0.156200 0.449200 0.148500 
0.656200 1.843500 0.312200 2.593500 5.343700 3.597700 0.601500 
0.156300 0.218500 0.187500 0.937800 1.750000 0.550700 0.648500 
0.437500 1.093800 0.500000 0.656500 0.187800 0.152300 1.101500 
0.312500 0.250000 1.812500 0.656000 0.375000 1.101500 0.250000 
0.281300 0.187500 0.500000 0.187500 2.000000 0.953000 59.101799 
0.156000 0.156200 1.812200 0.375000 0.343500 5.801000  
7.406200 0.156500 0.156300 0.218500 1.656500 1.148500  
0.750000 0.312500 0.156000 0.343500 0.125000 1.949500  
3.250000 0.218500 0.250000 0.125000 0.344000 0.097700  
0.687500 0.187500 0.406000 0.250000 0.351800 0.398200  
0.500000 0.187800 0.250000 2.250000 0.349500 2.051000  
6.750000 0.625000 0.156200 0.156300 0.298700 1.300700  
0.406000 0.406500 0.750000 0.187500 56.949001 0.148500  
0.437500 3.437500 0.125000 0.468500 0.548700 0.148500  
0.156500 0.187500 0.218500 0.125000 0.250000 0.351800  
0.187800 0.344000 2.437500 0.343700 0.250000 0.203000  
0.625000 7.187500 0.156200 1.344000 0.599500 0.297000  
1.187500 0.625000 0.437500 3.750000 1.000000 1.699500  
0.218500 2.031300 0.437500 1.000000 0.301000 0.199300  
0.875000 0.625000 0.156200 0.281500 0.201300 1.250000  
0.375000 0.156000 0.687800 1.875000 0.298700 5.199200  
0.843500 0.312500 3.718500 0.218700 0.150300 0.297000  
0.437800 0.343500 2.218700 2.468700 2.148200 2.398500  
3.187800 1.406200 0.156300 0.156300 0.400500 5.800500  
0.687800 0.500000 6.937800 0.156300 3.500000 0.797000  
0.718500 1.343700 0.218500 1.375000 0.250000 0.101500  
0.156500 1.406000 0.375000 0.437500 0.298700 1.547000  
0.500000 1.656200 0.593800 0.281500 0.099700 0.152500  
0.312500 0.250000 0.562200 0.187500 0.599500 1.949500  
0.656300 0.125000 0.281300 0.406300 0.199500 3.953000  
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C      Closed times of TRPM2 at Vpatch = -140 mV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.039000 0.250000 0.148500 0.093900 
0.101800 0.101600 0.851600 0.093900 
0.125000 0.203000 0.148500 0.250000 
0.132500 0.101500 0.101500 0.453000 
0.140600 0.203000 0.148500 0.398500 
0.140500 0.093900 0.250000 0.648400 
0.140700 0.101500 0.195500 0.101500 
0.140700 0.304500 0.101500 0.101500 
0.101800 0.093900 1.554600 0.203100 
0.140700 0.296900 0.148500 0.500000 
0.101800 0.148400 0.101500 0.750000 
0.140600 0.101500 0.101500 0.148500 
0.679500 0.156100 0.148500 0.148500 
0.140700 0.101500 0.101500 0.093900 
0.140800 0.156100 0.304500 0.148500 
0.101500 0.148500 0.453000 0.250000 
0.250000 0.304500 0.101500 0.101500 
0.500000 0.750000 0.695400 8.445500 
0.148500 0.101500 0.148400 0.351500 
4.898500 0.250000 0.148500 0.250000 
0.195400 0.101500 4.547000 0.953000 
1.297000 0.093900 0.101500 2.648500 
0.453000 0.148500 0.093900 0.203100 
0.500000 0.343900 0.250000 0.148500 
0.101500 0.554600 0.898500 0.250000 
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C      Closed times of M2M8P at Vpatch = -140 mV 
 
 
1.3125 1.3750 3.4375 0.4375 0.1250 0.0935 1.0313 3.9065 0.8515 1.8515 
1.0935 0.2500 0.5940 10.6562 1.0000 0.1560 10.6563 2.2500 18.6015 0.1954 
0.2500 0.1875 3.0315 7.7500 1.9531 0.8435 0.4063 3.0000 2.1016 1.7969 
0.4378 0.1565 1.2500 0.1560 0.1091 0.5625 4.4062 2.8440 0.1955 1.2970 
0.2500 3.6563 0.1565 3.9060 9.4530 0.2500 0.0937 0.1565 10.6485 1.1015 
0.0938 0.1250 0.0937 0.1878 3.3909 11.2500 0.4378 0.7813 4.3985 0.2500 
0.2500 0.2500 2.1560 0.1878 1.9062 4.6250 2.5937 1.1250 1.8515  
3.8440 11.1875 0.5625 0.2500 3.1878 8.2500 2.0940 0.9063 2.3515  
0.4685 0.3125 1.0313 6.8125 3.9061 11.3438 0.5000 2.0000 0.3046  
0.2187 2.8125 0.3122 3.3750 0.2969 1.8750 3.4375 18.3750 10.0939  
0.2185 0.1562 0.8750 0.0937 2.7500 0.3438 2.1875 0.6565 0.1484  
0.6250 8.0937 4.2185 5.0313 1.1878 0.4378 9.2500 0.2500 21.7969  
1.5625 1.5940 5.4063 0.6560 2.7031 0.8125 10.2500 0.1250 0.5000  
0.0940 6.7187 1.6560 1.3438 1.9060 0.1250 0.5937 0.2815 0.4530  
0.1875 0.1875 13.6250 0.8125 0.5000 0.3435 0.7813 0.2185 0.1485  
8.6875 1.0313 3.2500 16.3438 20.3440 0.0940 0.5315 0.5000 0.4455  
1.2500 0.1563 4.0000 0.2500 0.2500 8.9685 0.3750 0.9060 0.1561  
0.3750 7.2500 0.1250 3.5000 1.5622 2.0938 0.1250 0.0940 4.3985  
3.5625 2.7500 0.2500 3.7500 1.2500 3.2500 7.3438 0.1565 0.2970  
4.7500 0.0937 0.3125 0.4375 1.7500 7.5315 0.1250 0.4063 1.4530  
1.0000 6.5000 0.1875 13.1875 3.3440 14.8125 1.5935 3.1565 1.0469  
4.7500 1.1562 5.3750 7.5313 2.0313 0.5937 4.8440 2.5000 11.0000  
4.8437 0.9378 1.9378 3.5000 0.5000 0.4378 2.8440 7.1560 0.5000  
0.5935 6.1565 4.8438 0.1250 0.2185 0.1250 0.0938 0.1562 1.2500  
1.8437 8.0000 1.2815 0.5625 1.3750 0.3435 3.5937 4.5313 0.1485  
2.7500 2.5935 0.6563 0.7187 0.2500 3.0000 16.0625 3.5935 0.3045  
0.5622 8.5625 0.2500 8.1563 1.0622 4.8125 11.6250 2.3125 3.3516  
0.6560 4.5935 1.2500 0.1875 1.3437 27.7500 0.4060 0.1875 1.5000  
0.4687 5.1875 3.1875 3.9060 0.0940 0.0937 1.3125 1.3435 0.3985  
0.8125 5.2185 0.2500 1.7500 0.1562 6.4063 0.0935 5.9378 0.3046  
2.6250 3.5000 1.4687 0.2500 0.3437 7.7185 3.9375 0.1016 1.9530  
8.1563 0.0935 0.8122 0.9060 0.3125 0.3750 4.2500 0.3516 7.6484  
0.5622 0.2813 5.4685 5.4063 0.2500 0.0935 0.4060 2.5000 1.0545  
0.2500 0.1565 3.0000 0.2500 1.1563 6.5000 7.2813 1.8515 0.2031  
6.0938 1.5000 1.3440 5.3435 0.2187 1.5940 0.3122 1.2030 0.4454  
1.9060 0.1878 6.4687 1.4060 1.9378 5.7500 0.3125 0.1954 0.3515  
4.5000 0.5000 1.4063 0.1878 0.7185 0.9375 4.1560 7.8515 0.2500  
5.3125 2.6878 0.0938 2.6562 2.5937 0.6875 0.1563 0.1484 0.2030  
0.2815 2.2500 6.1563 0.1875 3.0937 0.6562 0.7500 0.1485 0.9530  
0.3437 0.2500 7.4375 2.4687 7.0937 3.1878 0.7500 0.8515 0.1955  
1.1250 9.6560 5.1875 1.9062 3.3435 1.8125 3.2500 0.1485 0.1955  
21.7500 3.1562 11.9378 5.8125 6.5000 0.5000 0.3750 15.7500 2.8046  
0.0938 1.5313 4.6250 0.0935 1.3125 14.7187 6.6875 3.9454 1.0000  
0.0935 1.1878 0.2187 0.2815 0.0938 0.3125 0.0937 19.1015 1.4454  
3.4687 0.2500 3.2500 1.4063 0.5938 0.1562 8.2500 1.2500 1.6485  
2.7187 1.3750 0.0938 0.1560 0.2500 0.1563 10.8750 0.1485 0.1485  
1.3125 0.1562 1.3435 0.2187 24.8125 9.1250 2.8125 3.3985 2.4061  
2.5000 7.8125 0.1563 0.4375 12.3438 0.6562 0.3125 0.1955 2.5939  
0.3125 4.6563 0.4685 2.1878 4.6875 0.2500 0.0937 0.5470 8.8515  
3.4063 3.3750 0.5315 1.4375 4.2815 3.9062 0.3440 1.2030 1.3985  
19.7500 1.8125 4.8750 0.8750 0.1250 0.4063 2.2187 0.1954 1.6485  
3.2187 0.7500 4.4060 7.2500 1.2500 14.7500 1.6250 0.5546 7.9455  
55.7500 2.8125 0.3750 0.4065 7.1562 2.7500 1.2187 0.7500 0.3439  
0.4062 0.7187 0.1563 2.5625 9.8435 4.0000 0.1250 2.4530 1.1954  
11.8125 4.0000 0.1875 0.1565 0.8750 3.3122 0.9375 3.2500 15.2969  
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D      Open times of TRPM8 at Vpatch = 60 mV during basal activity, part I 
 
 
0.650000 0.150000 0.100000 1.050000 1.800000 0.200200 0.100100 0.150200 1.299900 0.800000 
0.150000 0.200000 0.100100 0.250000 3.550000 0.400000 0.100100 0.149900 0.299800 0.200500 
0.100000 1.400000 0.100100 0.150000 0.649900 0.700200 0.250000 0.299800 1.050000 0.700500 
0.150000 1.200000 0.500000 0.150000 0.250000 0.100100 0.599800 0.150000 0.350100 0.099500 
0.300000 2.250000 1.600100 0.100000 0.400000 0.549800 0.450200 0.549900 0.300100 0.549500 
0.150000 2.050000 0.149900 0.700100 0.100000 0.150000 0.500000 0.100100 0.700200 0.250000 
0.150000 1.300000 1.000000 0.450000 0.300000 0.100100 0.100000 0.549800 0.649900 0.550000 
0.100000 1.600000 0.600000 2.500000 0.399900 0.149900 0.300000 0.100100 0.300000 0.099500 
1.750000 0.100000 0.400000 1.000000 0.400000 0.100000 0.199900 1.200200 2.549900 0.200300 
0.800000 0.150000 0.400000 1.250000 0.300000 0.149900 0.900000 0.250000 0.150200 0.350500 
0.500000 0.250000 0.450000 0.099900 0.300000 0.150000 0.250000 0.799900 0.350100 0.200200 
0.300000 0.350000 0.100000 0.550000 0.349800 0.100000 1.600100 0.599800 0.150000 0.200000 
0.150000 0.500000 0.199900 0.800000 0.299800 0.200100 0.150000 0.450100 0.300000 0.250000 
0.250000 0.150000 0.300000 0.599900 0.100100 0.450200 0.250000 0.400000 0.100100 0.500000 
0.250000 0.100000 0.149900 0.300000 0.099800 0.549900 0.200100 0.100000 0.300100 0.099500 
0.350000 1.350000 0.250000 0.150100 0.100100 0.399900 1.199800 0.099800 1.250000 0.301000 
0.300000 0.100000 1.549900 0.500000 0.600000 0.250000 0.200100 0.100100 0.149900 1.051000 
0.350000 0.900000 1.250000 0.100000 1.500000 0.200100 0.750000 0.949800 0.250000 0.250000 
0.100000 1.250000 0.350100 0.399900 0.350100 0.100000 0.250000 0.500000 0.100100 0.299500 
0.150000 0.200000 0.550000 0.200100 0.100000 0.099800 0.650200 0.850100 0.250000 0.150200 
1.350000 0.300000 0.100100 0.699900 0.200000 0.149900 1.150000 0.250000 0.100100 0.700000 
1.750000 0.300000 1.050000 1.050000 0.949900 0.500000 3.149900 0.400000 1.350100 0.200500 
0.150000 0.350000 0.400000 0.450000 0.450200 0.350100 0.250000 0.150200 0.149900 1.051000 
0.300000 1.200000 0.199900 0.550100 0.550100 0.200000 1.000000 1.650200 0.250000 0.200500 
1.100000 0.250000 0.599900 0.099900 2.550100 0.500000 0.300000 1.400000 0.200000 0.600700 
0.300000 0.100000 0.649900 0.250000 0.199800 0.400000 0.549800 0.450200 0.300200 0.250000 
0.800000 0.450000 0.400000 0.200000 0.750000 0.500000 0.100100 0.800100 0.349800 1.449000 
0.350000 0.200000 0.800000 0.099900 1.200000 0.100100 0.300100 0.150000 0.649900 0.150500 
0.300000 0.850000 0.750000 0.150100 0.100100 0.399900 0.200100 0.300200 0.800200 0.551000 
0.550000 0.300000 0.250000 0.149900 0.550100 1.450000 0.550100 1.200100 0.200000 0.299500 
0.400000 0.750000 0.100000 0.399900 0.399900 0.750000 0.100000 0.199800 0.200000 0.699000 
0.800000 1.450000 0.650100 0.200000 0.099800 0.700200 0.300000 0.299800 0.550200 0.250000 
0.700000 0.550000 1.150000 0.750000 0.549900 0.449800 0.200200 0.400200 2.250000 0.549500 
0.650000 0.300000 1.000000 2.150000 1.700200 0.300200 0.100000 0.350000 0.349800 0.349500 
0.300000 0.250000 0.200100 0.500000 0.500000 0.150200 0.250000 0.300200 0.600000 1.301000 
0.750000 2.000000 2.000000 0.800000 0.449900 0.149900 0.250000 0.700100 0.500000 1.150500 
0.750000 1.050000 0.600000 1.500000 0.200000 1.049900 0.750000 0.149900 3.299500 0.900500 
0.250000 0.350000 0.600000 0.250000 0.500000 0.350100 0.150000 0.149900 0.100700 0.150500 
0.350000 0.900000 0.100000 1.850000 0.200200 0.950100 0.099800 0.400000 0.399300 0.400200 
1.650000 0.750000 0.399900 0.850100 1.599800 0.549900 0.400200 0.600100 0.200500 0.650500 
0.150000 6.100000 0.200000 0.850100 0.099800 1.100100 0.400000 0.200000 0.149500 0.199000 
0.450000 0.700000 1.250000 0.200000 0.250000 0.300000 0.250000 1.750000 0.950200 0.250000 
0.350000 0.450000 0.650000 0.199900 0.150000 0.199900 0.450000 0.150000 0.750000 0.149500 
0.450000 0.700000 0.150000 0.500000 0.150000 0.650000 2.049900 0.699800 0.299700 1.099500 
1.050000 0.100000 0.100000 0.550000 1.149900 0.400000 0.100100 0.399900 0.450300 0.250000 
0.150000 0.200000 1.500000 0.250000 0.450200 1.000000 0.500000 0.299800 0.299700 0.900200 
0.950000 0.200000 0.700000 0.199900 0.400200 1.350000 0.199800 0.250000 0.100500 0.150200 
0.300000 0.500000 0.150100 0.549900 0.149900 1.399900 0.100100 0.250000 0.250000 0.500000 
1.450000 0.600000 0.900100 0.099900 0.399900 0.200200 2.600100 0.449800 0.500000 0.700500 
0.250000 0.100000 0.199900 0.150000 0.199900 1.049800 0.550000 0.800200 0.300000 0.100500 
0.600000 0.150000 0.300000 0.700000 0.349800 1.000000 0.399900 0.850100 0.150200 1.599500 
0.600000 0.250000 0.250000 0.549900 0.399900 0.449900 0.399900 0.350100 0.100500 0.650500 
1.300000 0.150000 1.299900 0.100000 0.100000 0.300000 0.800200 0.700100 0.449000 1.301000 
0.100000 0.100000 0.350100 0.250000 0.099800 0.399900 0.199800 0.350100 0.200500 0.299800 
0.800000 0.200100 0.250000 0.149900 0.400200 0.500000 0.250000 0.449900 0.399300 0.600500 
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D      Open times of TRPM8 at Vpatch = 60 mV during basal activity, part II 
 
 
0.200500 1.950200 0.349500 0.800000 0.801000 0.250000 0.149500 0.500000 0.349500 0.250000 
0.099800 0.200500 0.200300 0.300000 0.650200 0.250000 0.250000 0.250000 0.500000 0.699000 
0.399300 1.500000 0.500000 0.100500 0.199000 0.550000 0.200000 0.200300 0.150500 0.599500 
0.300000 0.150500 0.200200 0.600700 0.500000 1.200500 0.450500 0.400500 0.299800 0.699000 
0.549800 1.149500 0.199000 0.099500 0.950500 0.849500 0.450200 0.500000 0.299700 0.199200 
0.549800 0.350500 0.199000 0.400200 0.350500 0.950500 0.100500 0.250000 1.099500 0.250000 
0.099500 0.299700 0.250000 1.250000 2.450200 0.200000 0.449000 0.199000 0.150500 0.150500 
0.750000 0.600500 0.599500 0.399500 0.200000 0.099800 0.350500 0.150500 0.599500 0.150500 
0.199000 0.799700 0.150500 0.950200 0.349500 0.299800 0.100500 0.500000 0.949000 2.500000 
0.250000 0.150200 0.400500 0.099500 0.250000 0.250000 1.150500 0.200300 0.201500 0.648200 
1.799700 0.200500 0.150500 0.599500 0.301000 0.299700 0.100700 0.250000 0.599500 0.101800 
0.950000 0.900500 0.200500 0.100500 0.849500 0.849500 0.450200 0.100500 1.199000 0.449000 
0.199000 0.450000 0.299500 0.450000 0.150500 0.500000 0.900500 0.099800 0.900500 0.400500 
0.349500 0.799800 0.099800 0.500000 0.301000 0.799500 1.299500 0.149500 0.199200 1.201300 
0.199000 0.299500 0.599500 0.150500 0.200000 0.100500 0.250000 1.149500 0.351800 0.449000 
0.150500 0.099500 0.700000 0.250000 0.250000 0.300000 0.300000 0.250000 0.599700 0.099500 
0.300000 0.150500 0.400500 0.849500 0.149300 0.149500 0.399500 1.100700 0.451500 0.250000 
0.099500 0.650200 1.200500 0.099500 1.149500 0.500000 0.400500 0.750000 0.750000 0.199000 
0.799800 1.150200 0.099800 0.200000 0.950300 0.200200 0.149300 1.150200 0.099700 0.451300 
0.250000 0.500000 1.049800 0.349800 0.349800 0.150500 1.100500 0.349500 0.349500 1.000000 
0.349800 0.200200 0.250000 1.149300 0.250000 0.450200 0.450200 0.600500 0.199000 0.150500 
0.399500 0.150500 0.301000 0.200300 1.200300 0.750000 0.100700 0.551000 0.648200 0.298500 
0.549800 1.299700 0.200300 0.150500 0.100700 0.350500 0.100500 1.400200 0.551000 0.199000 
0.350700 0.200500 0.199000 0.450300 0.149500 0.600500 0.150500 0.750000 0.101800 0.449000 
0.299700 0.200500 0.149500 0.650500 0.750000 0.200300 1.500000 0.349800 0.298700 0.500000 
0.250000 0.299700 0.200300 0.650500 0.500000 0.649300 0.450200 0.399300 0.250000 0.250000 
0.099800 0.099500 0.150500 0.300000 0.099800 0.250000 0.250000 0.799700 0.301000 0.148200 
0.200500 0.849500 0.599500 0.100500 0.551000 0.299500 0.349800 0.200500 0.701500 0.500000 
0.750000 0.650500 0.149500 1.450500 0.250000 0.650500 0.450200 0.450500 0.400300 0.199000 
0.349500 0.099800 0.551000 0.150200 0.250000 0.300000 0.099500 0.349800 2.750000 0.900300 
2.150500 0.700000 0.099800 1.300000 1.400500 0.500000 0.649300 0.349800 0.201300 0.250000 
1.549700 1.000000 0.551000 0.149300 0.149300 0.099500 0.349500 0.900200 1.201500 1.500000 
0.250000 0.299700 0.299700 0.099500 0.099500 0.200300 0.200200 0.750000 0.099500 0.349500 
0.450200 0.300000 0.200500 1.699000 0.150500 1.250000 0.200000 0.100500 0.900300 0.451300 
0.150200 0.449000 0.549500 0.150500 0.750000 0.099800 0.200000 0.950500 0.099500 0.150300 
0.400500 0.299500 0.099500 0.600500 1.500000 0.099500 0.600700 0.350500 0.349700 0.201500 
0.149500 0.100500 1.899500 0.450300 0.549700 0.450200 1.000000 0.500000 0.250000 0.301000 
0.099800 0.349800 1.899500 1.550000 0.299800 0.199000 0.100500 0.349800 0.250000 0.201300 
0.150500 0.099800 0.349500 0.149300 0.899300 0.500000 0.250000 0.650500 1.599500 0.199200 
0.199000 2.950300 0.100500 0.750000 0.150500 0.449000 1.950200 0.349500 0.148200 0.599500 
0.200000 1.849500 0.200000 0.899500 2.299500 0.150500 0.650500 0.450300 0.250000 0.099500 
0.349800 1.500000 0.099800 0.200300 0.650500 0.150500 0.099500 0.400200 0.349500 0.148200 
0.150500 0.100500 0.299500 0.801000 0.299800 0.699000 1.599800 0.150500 0.199000 0.199000 
0.349500 1.250000 0.599500 0.500000 0.250000 0.349800 0.899500 0.551000 0.298500 1.599500 
0.949000 0.100500 0.450000 0.099800 0.450000 0.600700 0.099800 0.700500 0.250000 0.101800 
0.449000 1.899500 2.049700 1.849500 0.200200 0.599800 0.450500 0.250000 0.398200 0.250000 
0.300000 1.400200 0.650500 0.700500 0.450000 0.349500 1.250000 0.200200 0.150500 1.400300 
0.099500 0.450300 0.099500 0.300000 0.899500 0.150200 0.500000 0.200300 0.298500 0.199200 
0.200500 2.450500 0.899500 0.300000 0.300000 0.099800 0.350500 0.099500 0.250000 0.101800 
0.150500 0.549800 0.099800 0.350700 0.599500 1.600500 2.099800 0.750000 0.101800 0.801000 
0.600700 0.200500 1.399300 0.200500 0.799800 0.450500 0.250000 1.299700 0.449000 1.550800 
0.250000 0.349800 0.799800 1.799500 0.099800 0.099500 1.150500 0.100500 0.250000 1.199000 
0.399500 0.100700 0.199000 0.250000 0.250000 0.549800 2.500000 0.150500 0.250000 0.650500 
0.150500 0.799700 1.349500 0.299500 0.199000 0.750000 1.250000 0.599500 0.601800 0.550800 
1.049800 0.199000 0.799800 0.549500 0.200500 0.099800 0.299700 1.399500 0.301000 0.250000 
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 D     Open times of TRPM8 at Vpatch = 60 mV during basal activity, part III 
 
 
0.750000 0.101800 1.099500 0.250000 0.199000 0.301000 0.301000 0.199200 1.000000 
0.099700 0.548700 1.048700 0.250000 0.801000 0.601800 0.199000 0.199000 0.400500 
1.051000 0.798700 1.701500 0.349700 0.250000 0.099500 0.099500 0.500000 1.599500 
0.300800 0.750000 0.349500 0.099500 0.351800 0.150500 0.099700 0.250000 0.199200 
1.599500 1.150300 0.099700 0.301000 0.349500 0.150300 0.148200 0.199000 0.250000 
0.349500 0.199000 0.250000 0.301000 0.900500 0.801000 0.099500 0.451300 0.250000 
0.099500 0.451500 0.101800 0.750000 0.599500 0.099700 0.599700 1.148200 0.298500 
0.298700 0.949200 0.500000 0.099500 0.400500 0.750000 0.550800 0.148200  
0.250000 1.148200 0.201500 1.851800 0.301000 0.250000 0.851800 1.048700  
0.250000 1.648200 0.199200 0.250000 0.349500 0.150500 1.650500 1.301000  
0.099700 7.298500 0.599700 0.250000 0.099500 0.900300 0.150300 0.099500  
0.449000 2.000000 0.449000 0.949000 1.500000 0.101800 0.199000 1.599500  
0.349500 2.048500 0.699200 0.351800 0.550800 0.551000 0.201500 0.250000  
3.150300 1.500000 0.301000 0.150300 0.199000 0.298500 0.500000 1.000000  
0.250000 0.099500 0.398200 0.148200 0.349700 0.400500 0.150500 1.050800  
1.351800 0.349500 1.048700 0.250000 0.949200 0.099500 0.551000 0.451500  
0.099500 0.349700 0.500000 0.500000 0.451500 0.650500 0.250000 0.150300  
0.099700 1.449000 0.301000 0.150500 0.201300 0.599500 0.250000 0.500000  
0.500000 0.551000 0.099700 0.400500 0.349500 0.750000 0.150500 1.451500  
0.099500 0.400500 0.201300 0.099500 0.599500 0.351800 0.148200 0.900500  
0.349700 0.599500 1.099700 1.148200 0.400300 0.099700 0.250000 0.099500  
0.451500 0.750000 0.201500 0.201300 0.250000 0.599500 0.601800 1.000000  
1.250000 0.400500 0.199000 0.150500 0.250000 0.750000 0.201500 0.349500  
1.099500 0.449200 3.699000 1.449000 0.451500 0.099700 0.101800 0.451300  
0.150500 0.701500 0.250000 0.250000 0.349500 0.101800 0.298700 0.250000  
0.199000 0.500000 0.201500 0.349500 0.099500 0.250000 0.199200 0.798500  
0.099500 0.500000 1.150300 0.400300 0.250000 0.199000 0.300800 0.798500  
0.898200 0.349700 0.349700 0.099500 0.099500 0.099700 0.699000 0.650300  
0.400500 0.750000 1.048700 0.150500 0.250000 0.701500 0.250000 0.250000  
0.199000 0.301000 0.451300 0.500000 0.548700 0.150500 0.500000 0.548500  
0.650500 0.451500 0.099500 0.301000 0.349700 0.351800 1.398200 0.199000  
0.199000 0.599500 0.250000 1.599700 0.650500 1.051000 0.298500 0.801000  
0.250000 0.301000 0.250000 0.301000 0.250000 0.701300 0.150300 0.301000  
0.099500 0.851800 0.150500 3.699000 1.099700 0.101800 0.801000 0.500000  
0.250000 1.051000 0.250000 0.099500 0.300800 0.099500 0.750000 1.701500  
1.150500 1.449000 0.099700 0.101800 0.349500 0.400500 0.500000 0.548500  
0.298700 0.449000 0.349700 0.400500 1.750000 0.349500 0.500000 1.000000  
0.400300 0.949000 2.201300 0.449200 0.349700 0.250000 0.400300 0.099500  
0.298700 0.099700 0.500000 0.199200 0.351800 0.148200 0.500000 0.599500  
0.201300 0.298500 0.199000 0.599500 0.449000 0.500000 0.298500 0.701300  
0.300800 2.750000 0.199200 0.201500 1.099500 0.849700 0.150500 0.500000  
0.500000 2.449200 1.050800 0.451500 0.250000 0.701500 0.900500 0.400500  
0.451300 0.351800 0.099500 0.400300 1.000000 0.250000 0.599700 0.400500  
0.099500 0.250000 0.400500 0.750000 0.500000 0.298500 0.250000 0.449000  
0.099500 0.298500 0.199200 2.048700 0.349500 0.599500 0.400300 0.400500  
0.201300 0.900500 1.298700 1.250000 0.551000 1.898200 0.701500 0.349500  
0.301000 0.449200 0.900500 0.150500 0.548500 0.650300 0.199000 0.551000  
0.250000 0.701500 0.250000 1.298700 0.300800 0.250000 0.201500 0.298700  
0.250000 1.000000 0.349500 0.349700 0.400500 0.849500 0.500000 0.599500  
0.500000 0.349700 0.650500 0.099500 1.551000 0.250000 0.400500 0.201500  
0.349500 0.298700 0.101800 0.150500 2.000000 0.101800 0.551000 0.250000  
0.398200 0.199000 0.898200 2.099500 0.351800 0.099700 0.250000 1.050800  
0.650500 0.599700 0.301000 0.250000 0.201300 0.548500 0.949000 0.150300  
0.148200 0.150300 1.301000 2.398200 0.101800 0.349500 0.099500 0.250000  
0.101800 0.699000 0.199000 1.048500 0.400500 0.250000 0.750000 0.500000  
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D      Open times of TRPM8 at Vpatch = 60 mV after 0.1 M icilin, part I 
 
 
0.250000 0.199900 0.300000 0.800000 0.850000 0.200000 0.300000 0.550000 0.150000 3.500000 
0.700000 0.100000 0.250000 0.150000 0.250000 4.200000 0.500000 1.850000 0.500000 1.600100 
0.200000 0.100000 0.100000 0.250000 0.200000 0.350000 5.900000 2.650000 2.300100 2.500000 
0.200000 0.150200 0.300000 0.200000 0.200000 0.800000 0.100000 1.200000 0.650100 3.450000 
0.250000 0.199900 0.150000 0.700000 0.700000 1.250000 1.550000 1.450000 8.900000 4.400000 
2.500000 0.350100 0.200000 0.450000 0.700000 4.350000 0.200000 1.050000 1.149900 1.350000 
1.750000 0.149900 1.350000 0.100000 0.250000 5.150000 0.100000 0.950000 8.950100 7.350100 
3.200000 0.200000 1.300000 0.100000 1.250000 2.250000 0.300000 9.250000 2.850000 0.500000 
1.600000 0.200100 0.150000 0.750000 1.700000 0.100000 0.100000 8.650000 1.150000 0.800100 
3.650000 3.000000 0.250000 2.500000 3.150000 0.100000 0.250000 0.450000 6.599900 0.400100 
0.850000 3.500000 0.200000 6.400000 0.150000 3.500000 0.100000 7.950000 7.200100 1.000000 
0.250000 0.149900 0.150000 0.600000 1.500000 0.350000 0.200000 5.000000 5.850000 1.149900 
1.300000 0.150000 8.250000 0.850000 1.400000 1.000000 0.250000 12.300000 0.149900 1.050000 
0.300000 0.200100 0.250000 0.300000 1.350000 2.800000 0.250000 9.650000 1.650100 0.250000 
0.450000 3.000000 0.300000 0.300000 7.850000 0.300000 0.200000 15.600100 1.050100 0.500000 
0.550000 0.150200 0.300000 0.250000 1.250000 0.450000 0.550000 2.849900 0.250000 0.450100 
0.250000 0.450000 0.750000 0.100000 0.100000 2.350000 0.900000 1.450000 0.850000 0.350000 
0.950000 0.500000 0.650000 0.100000 2.150000 1.350000 0.550000 3.350100 1.700000 0.100000 
0.500000 0.100100 0.100000 0.600000 1.800000 0.150000 1.250000 7.700000 1.250000 1.150100 
0.350000 0.750000 1.500000 2.000000 0.100000 0.350000 0.600000 0.100000 0.500000 1.400000 
0.800000 1.000000 0.600000 0.100000 0.250000 0.850000 0.450000 4.200100 0.549900 11.400000 
0.350000 0.399900 0.200000 0.750000 0.750000 0.350000 0.400000 0.349900 0.450000 0.099900 
0.150000 0.350000 6.150000 0.100000 1.650000 0.150000 0.400000 0.500000 0.600000 2.149900 
0.250000 0.100100 0.200000 0.100000 2.550000 0.700000 2.350000 2.250000 0.100000 4.750000 
1.550000 0.750000 2.700000 0.200000 0.200000 0.700000 0.350000 3.799900 1.250000 4.850000 
0.100000 0.149900 0.600000 0.300000 0.450000 0.200000 0.100000 3.050100 14.450000 0.100000 
0.200000 0.450100 1.000000 0.900000 0.850000 0.450000 1.750000 0.100000 5.550000 1.349900 
0.600000 0.100000 0.250000 0.400000 2.550000 1.700000 0.600000 1.100000 0.850000 0.799900 
1.250000 0.250000 1.600000 0.550000 0.800000 0.100000 0.200000 0.650000 0.950000 2.000000 
0.750000 0.149900 0.200000 0.100000 3.150000 0.750000 0.300000 2.600100 0.100000 1.100000 
2.500000 0.800200 1.850000 0.650000 6.400000 0.150000 0.100000 2.050000 0.100000 0.700000 
0.100000 0.200000 1.350000 0.550000 0.200000 0.250000 2.700000 1.550000 0.900000 1.199900 
0.200000 0.250000 2.400000 1.200000 0.150000 0.550000 3.800000 3.300000 1.000000 1.349900 
0.450000 0.800200 1.750000 1.250000 0.300000 1.700000 0.450000 2.500000 4.299900 0.949900 
0.250000 0.550100 0.550000 0.750000 1.750000 0.100000 0.500000 1.100000 1.850100 2.700100 
0.100000 1.549800 1.650000 0.450000 0.500000 2.250000 0.150000 22.850100 1.650000 0.150000 
0.350000 1.100000 0.300000 2.100000 0.250000 1.800000 0.200000 4.800000 0.099900 2.549900 
0.600000 0.900200 0.100000 13.400000 0.100000 0.100000 2.650000 3.099900 8.250000 1.199900 
0.650000 0.250000 1.900000 4.400000 0.200000 0.450000 0.250000 0.100000 1.600100 0.500000 
0.400000 0.600100 0.650000 1.150000 0.150000 1.350000 0.100000 6.349900 2.400100 0.299900 
0.500000 0.649900 0.200000 1.500000 0.350000 0.300000 1.400000 8.450100 13.250000 0.650000 
0.350000 0.149900 1.150000 0.650000 0.100000 1.500000 0.150000 6.200000 0.100100 5.399900 
3.750000 0.449900 0.350000 0.950000 0.100000 1.900000 0.350000 1.149900 0.950000 0.100100 
0.650000 0.550200 0.850000 40.099998 0.250000 0.100000 0.850000 4.750000 0.200100 0.099900 
2.400000 1.850000 0.150000 3.600000 1.050000 0.300000 11.750000 0.700000 0.349900 2.050000 
1.050000 0.149900 8.550000 10.000000 0.150000 0.150000 4.300000 3.100000 0.100000 0.200100 
0.100000 0.150000 9.800000 3.950000 0.300000 0.500000 0.800000 0.350000 5.000000 0.500000 
0.150000 0.200100 1.750000 2.850000 0.500000 0.100000 0.450000 1.450000 0.199900 1.500000 
0.200000 0.100100 0.350000 0.600000 0.350000 0.450000 1.200000 3.900000 0.250000 0.700000 
0.750000 0.450200 1.600000 0.400000 0.250000 0.200000 2.250000 0.850000 0.850000 1.849900 
0.400000 1.000000 0.700000 2.700000 0.550000 1.750000 2.050000 2.300000 0.099900 2.399900 
1.100000 0.350100 1.200000 0.250000 0.250000 1.950000 1.150000 1.549900 2.400000 0.099900 
0.100000 0.350100 10.400000 0.250000 0.500000 0.350000 10.600000 15.750000 3.000000 0.800100 
0.250000 0.149900 0.100000 0.300000 0.200000 0.650000 4.850000 1.099900 7.450000 0.300000 
0.300000 3.150200 1.000000 4.700000 0.650000 0.600000 5.850000 0.550000 4.550000 1.000000 
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0.100000 0.500000 1.400000 2.200100 0.350000 1.649900 0.200100 0.200100 0.449900 2.050000 
0.150000 0.399900 3.400000 1.350100 0.750000 0.349900 0.200000 3.450000 2.000000 0.200000 
0.349900 0.899900 9.900000 6.400000 0.300000 0.399900 1.100000 0.500000 0.150100 0.250000 
3.500000 0.349900 0.500000 2.500000 0.400000 1.199900 1.400000 0.250000 0.250000 1.050100 
3.900000 0.099900 2.350000 1.050000 1.450100 0.150100 0.700100 1.600000 0.300100 2.250000 
6.450100 2.600000 4.550000 2.500000 0.250000 0.250000 0.699900 0.300000 0.400100 0.300100 
5.400100 2.500000 0.250000 11.800000 2.450000 3.350000 0.200100 0.200000 1.600100 1.000000 
4.200000 0.550000 0.100000 0.100000 0.200100 0.300000 0.100000 0.750000 0.449900 0.900000 
1.150100 3.000000 0.100100 0.150000 0.099900 1.850000 1.199900 0.250000 0.250000 0.100000 
0.500000 0.250000 0.250000 0.250000 1.799900 2.700100 0.100000 0.399900 0.200000 0.650000 
0.650000 0.150000 0.100100 0.349900 2.650000 1.149900 0.099900 0.550000 0.300000 1.699800 
1.400100 0.899900 0.250000 0.600000 1.000000 0.550100 0.450000 0.150000 0.150000 1.549900 
0.199900 0.900000 2.800000 1.000000 7.100000 0.550000 0.400100 0.150100 1.400000 0.150200 
0.650000 2.900100 0.250000 0.350100 0.100000 3.100000 0.850000 0.150000 2.950000 0.399900 
0.150000 0.350000 0.400000 2.800100 0.200000 0.500000 0.700100 0.699900 1.050000 2.149900 
3.450000 0.100000 0.450000 0.150000 0.099900 1.149900 0.300000 0.200100 0.850000 0.449800 
0.400000 0.200100 0.150000 2.600000 0.700100 0.550000 0.300000 0.850000 5.750000 1.250000 
0.350000 0.800000 2.200000 1.500000 0.150000 0.200000 1.000000 0.750000 0.300000 6.500000 
0.700000 0.550000 0.550000 1.750000 0.200000 0.150000 0.250000 1.099900 1.550000 0.199800 
0.299900 0.699900 0.400000 0.149900 1.550000 0.450000 0.350000 0.100000 0.150000 4.400000 
0.300100 8.750000 0.299900 0.750000 0.300000 1.849900 0.500000 0.150000 1.700000 0.350000 
0.700000 4.350000 1.000000 2.450100 0.100000 1.700100 0.200000 0.950000 1.199900 0.450000 
0.100000 5.400000 4.800000 0.150000 1.750000 0.100100 4.849900 1.500000 0.400000 1.800100 
0.950000 6.400000 0.950100 0.250000 1.950100 0.350100 0.350000 0.649900 1.600000 4.050100 
0.350000 8.850000 6.250000 2.750000 0.150000 0.250000 0.150000 0.799900 1.150000 6.550000 
0.250000 0.100100 0.100100 2.850000 0.250000 0.500000 0.300000 1.700000 1.650000 2.199900 
0.100000 1.300000 3.600100 0.750000 2.300100 0.250000 0.500000 1.500000 0.450000 0.600100 
0.150000 0.250000 12.600000 0.750000 0.450000 0.100000 0.250000 1.250000 0.149900 0.349800 
0.200000 7.850000 1.800000 0.099900 0.600000 0.150000 0.450000 0.300000 1.250000 0.100000 
0.200100 0.850000 6.000000 0.100000 0.600100 0.650000 0.100000 0.100000 0.449900 0.099800 
0.600000 14.500000 2.150000 0.200100 0.750000 0.150100 0.150000 0.100000 1.500000 0.900000 
0.500000 0.100000 2.399900 0.250000 0.950000 0.750000 1.449900 0.100000 0.100000 12.399900 
0.300000 0.100000 0.399900 0.299900 0.950100 1.000000 1.500000 0.200000 3.050000 6.450100 
1.600000 1.199900 0.950100 0.400100 0.800000 0.850000 0.100000 0.700000 1.900100 0.150200 
0.100100 2.450000 0.150000 0.099900 0.250000 1.600000 0.300000 0.199900 0.399900 1.900000 
0.199900 1.650000 0.100000 0.700000 1.000000 0.600000 1.650000 0.399900 0.600000 2.100100 
2.450000 2.600000 0.500000 0.250000 2.150000 1.250000 3.000000 0.350000 0.250000 0.850000 
0.099900 1.250000 0.099900 0.149900 0.100100 0.349900 1.600000 1.050000 0.349900 2.599800 
0.600000 2.000000 0.300100 2.750000 1.100000 1.600000 0.450000 0.349900 0.250000 0.250000 
0.350100 1.000000 0.449900 0.199900 0.150000 0.400000 0.150000 0.300100 0.150000 0.550000 
0.250000 0.450000 0.850000 0.099900 0.399900 1.500000 0.400000 0.350100 0.850100 0.900200 
5.300000 3.950000 0.700100 0.149900 0.599900 1.300100 0.850000 1.250000 0.100000 0.150000 
0.700000 2.150000 2.200000 0.400100 0.399900 0.300000 1.300100 0.099900 1.350100 0.300100 
3.700000 0.300000 0.150000 0.100000 1.600000 1.350000 0.450000 0.150000 0.200000 0.599800 
5.300000 2.750000 0.849900 0.400000 2.650000 1.200000 0.250000 3.250000 0.200000 0.350100 
3.600100 3.750000 0.450000 0.200100 0.750000 0.550000 2.400000 0.400100 0.300000 0.250000 
2.250000 0.100000 0.750000 0.500000 0.650100 0.300000 0.800000 0.700100 0.150000 1.350000 
1.700000 0.099900 0.100000 0.650000 0.350100 2.049900 0.400100 0.150000 0.149900 0.450200 
3.850100 3.899900 1.150100 1.900000 0.300100 2.150000 0.100000 0.599900 1.000000 1.150000 
0.500000 0.100000 0.100000 0.250000 1.100100 0.150000 0.700000 0.500000 0.900000 0.500000 
2.600000 0.699900 0.100000 0.250000 1.000000 0.250000 2.800100 1.350100 0.750000 0.350000 
0.150000 0.150000 0.250000 10.100000 0.450100 3.500000 0.300000 0.950000 0.100000 0.850000 
3.350100 0.150000 0.650000 2.400000 0.200000 1.449900 4.300000 0.350000 0.350000 0.850000 
0.250000 4.100000 0.400000 0.800100 1.850100 0.200000 0.849900 0.350000 0.949900 0.350100 
1.550000 0.300100 0.100100 0.500000 0.250000 1.399900 0.100000 0.300000 0.099900 2.200200 
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0.750000 0.449900 0.200000 0.350100 1.399900 0.100100 2.949800 3.550000 0.550000 0.399900 
3.300100 0.700100 1.599800 2.400200 2.199900 0.150000 0.400200 2.699800 4.599800 0.150000 
0.750000 0.399900 2.000000 0.150000 0.300200 0.199900 0.300100 0.100100 0.299900 0.600100 
0.150000 2.349800 0.149900 0.850000 2.099800 1.550100 1.050100 0.450200 0.250000 0.550100 
0.850000 3.300000 0.100100 0.200200 0.600000 0.649900 0.250000 8.050100 0.100100 1.250000 
0.100100 0.200100 0.200000 0.250000 0.550000 0.349800 0.250000 8.250000 0.600100 0.200200 
0.200200 0.550200 0.199900 1.399900 0.200000 1.000000 0.200100 1.699800 0.100100 0.299800 
0.100100 0.450200 0.099800 0.100100 0.200100 0.450200 0.750000 0.100100 0.199900 0.549900 
0.850100 0.549800 0.600000 1.050100 0.199800 1.000000 0.100100 8.899900 0.200000 2.300000 
0.199800 0.800100 2.450000 0.199800 1.250000 0.550000 0.100100 1.650200 0.100000 1.000000 
1.899900 0.200000 3.150200 1.100100 0.250000 4.000000 0.149900 1.100000 0.200200 0.350100 
0.149900 0.400000 3.750000 2.000000 0.450200 0.500000 0.550000 1.099800 0.150000 0.149900 
0.149900 2.350100 2.550000 0.800200 0.650000 0.800100 0.350100 2.700100 3.700000 0.350000 
2.300100 0.650200 1.850000 1.550100 0.800000 0.299900 0.350000 1.800100 1.799800 0.100000 
0.600000 0.400000 1.500000 2.149900 0.200000 0.300100 0.100100 0.349800 1.300100 1.100100 
0.100100 1.400000 0.250000 0.100000 0.650200 0.750000 0.099800 1.400200 0.799800 0.750000 
1.000000 0.250000 0.949800 1.750000 1.700000 0.500000 0.150000 0.450100 1.400000 0.500000 
2.500000 1.550100 0.800200 2.150000 0.250000 0.350100 0.400000 0.399900 2.550000 0.250000 
1.400200 0.849800 3.100000 0.500000 0.100100 0.850000 1.250000 5.400000 0.700100 0.449800 
0.250000 0.450100 1.350100 4.450100 0.600100 0.150000 1.950000 1.699800 0.949900 0.200000 
0.850000 1.600100 4.350000 0.599800 0.650200 0.150200 0.500000 1.299900 1.850000 0.100100 
0.100100 2.349800 0.350000 0.450100 0.550100 0.099800 1.600100 0.850000 2.550100 0.150200 
0.100100 0.200200 0.200000 1.799800 0.700200 0.650000 0.250000 1.350000 6.549800 0.150200 
1.550200 0.250000 0.250000 0.699900 0.350000 0.200200 0.150000 0.100000 1.750000 0.549900 
1.050100 0.250000 0.700100 0.200200 0.799900 2.050200 0.250000 0.750000 0.700100 0.550100 
2.799900 0.400000 1.350100 0.699900 0.150000 1.200200 0.200100 1.250000 0.350100 1.349800 
0.100100 0.350100 0.650200 0.100100 0.199800 0.250000 0.099800 1.700100 0.549800 1.149900 
0.250000 1.649900 4.600000 0.150000 0.100100 2.300000 0.199900 4.250000 0.250000 0.099800 
0.600000 1.949800 0.150000 0.549900 0.149900 0.099800 0.150200 0.100100 1.000000 0.599800 
0.200200 0.250000 1.100100 0.500000 0.250000 0.299800 0.100100 0.150200 0.949900 0.099800 
0.400200 0.449900 0.099800 2.900000 0.849800 0.150200 0.150200 0.350100 0.099800 0.200100 
0.100100 0.250000 5.650000 1.200000 0.700100 0.100000 0.100100 7.450000 1.050000 1.550000 
0.100000 0.150000 2.500000 3.349800 0.150000 0.100000 0.850000 0.699900 0.300100 0.399900 
0.199800 0.299900 2.250000 3.049800 0.400000 0.350100 0.750000 2.649900 0.300000 0.500000 
0.150000 1.400000 0.650000 5.500000 0.250000 0.399900 0.100100 0.250000 1.000000 0.199900 
0.100100 1.250000 1.299900 8.450000 0.950000 0.299900 0.849800 0.200000 5.000000 0.149900 
0.150200 0.800100 0.800000 0.850000 5.200200 0.250000 0.100100 5.050100 1.350100 0.100100 
0.150000 0.149900 3.850000 1.300200 2.150000 0.700000 4.299800 2.200000 0.649900 3.800100 
0.150000 1.700200 1.150200 1.399900 2.950100 0.300100 1.949900 1.250000 0.149900 2.550100 
0.100100 1.099800 0.100000 0.100100 0.799800 0.700100 2.949800 0.900200 1.299800 0.150000 
0.100000 0.250000 0.099800 1.450000 3.600000 0.200100 1.050100 0.400200 0.500000 0.250000 
0.100100 1.100000 0.100100 3.699800 0.799800 0.350000 0.100100 1.950000 0.600100 0.100100 
0.199800 0.250000 0.750000 12.000000 0.099800 2.099800 5.100000 1.799900 0.449800 0.500000 
0.150000 0.699800 0.100100 1.449900 0.350000 1.600000 2.100100 4.700000 0.450000 0.250000 
1.549900 0.299900 1.199800 0.250000 0.450100 1.600000 0.450000 0.100100 1.750000 0.200200 
0.600100 0.600000 0.199800 0.350000 0.300100 0.799900 0.949800 0.550100 1.699800 0.150000 
0.250000 1.199900 0.199900 3.699900 0.550000 0.500000 0.299900 6.750000 0.250000 0.250000 
0.149900 0.150000 0.100000 0.549900 0.149900 1.300100 0.900200 0.550200 0.250000 0.100100 
1.100000 0.149900 0.100100 0.200000 0.299900 0.150200 1.750000 0.300000 2.700000 0.400200 
0.650000 0.500000 1.850000 0.150000 1.650200 0.199800 3.000000 0.300000 0.500000 0.799900 
0.799900 2.049800 3.350000 0.150200 0.150200 0.300000 0.400200 3.400000 0.100000 0.100000 
0.149900 0.550000 2.250000 0.300200 1.600000 0.199800 1.850000 0.200200 3.149900 2.000000 
0.250000 0.200200 1.100000 1.600000 0.699800 1.299900 0.150000 2.099800 1.000000 2.350100 
0.150200 0.550200 4.049800 0.100100 0.799900 1.150000 5.349800 3.150200 1.600000 0.200200 
0.250000 3.750000 2.350100 1.550200 0.200000 5.150000 0.700100 2.150000 1.300000 0.400000 
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0.850000 0.200000 0.699800 0.200000 0.250000 1.400000 0.100000 0.899900 0.150000 
1.100100 1.500000 0.299900 0.099800 0.600000 1.099800 0.250000 0.299800 0.100000 
1.699800 3.100100 6.350100 1.000000 7.099800 0.250000 1.150200 0.250000 3.300000 
0.800000 0.199800 0.099800 6.649900 0.399900 1.400200 0.700000 0.100000 0.100100 
0.300100 1.000000 3.750000 6.799800 0.250000 0.750000 2.200100 0.099800 0.350100 
0.099800 2.850100 5.550000 3.599800 0.600000 3.349800 1.199800 0.400000 1.099800 
0.150000 0.949900 12.250000 1.150000 0.500000 0.750000 0.250000 0.200000 0.099800 
0.350100 1.350000 0.200200 10.150000 0.250000 2.000000 0.699900 0.399900 0.100000 
0.250000 0.500000 0.300100 0.850100 0.100000 1.899900 0.100000 0.699900 0.099800 
0.400000 0.100100 3.650200 0.350000 0.250000 1.699900 0.200100 0.100000 0.199800 
0.399900 0.550200 1.850000 0.250000 0.100000 1.150200 0.899900 0.149900 0.549800 
0.400000 2.049800 2.449900 0.150000 0.250000 1.050000 0.299900 1.500000 1.950200 
3.450000 0.900200 6.950100 2.300200 0.250000 0.149900 0.899900 1.949900 3.950100 
3.899900 3.849800 0.299800 3.600000 0.750000 0.550000 0.500000 0.650000 1.650200 
0.250000 0.099800 3.350100 0.300200 1.750000 1.000000 0.800200 0.599800 0.100000 
0.100100 0.300100 0.150000 0.399900 0.400000 2.350100 0.150000 0.199900 0.349800 
0.299900 0.149900 0.699800 0.900200 1.550000 1.199800 0.400000 0.149900 0.100100 
2.699900 5.100000 0.199900 0.950200 0.399900 1.000000 0.149900 0.299800 0.099800 
0.949800 0.200200 2.550000 0.349800 0.100100 1.850000 1.150200 0.099800 0.199800 
0.899900 0.300000 0.149900 0.350000 0.299800 9.750000 0.450000 0.500000 0.150000 
1.049800 0.500000 5.899900 0.250000 0.299800 0.200200 0.549900 0.449900 0.950000 
0.750000 1.300000 4.300000 0.650000 0.550200 1.450000 0.450200 0.200000 1.000000 
0.949800 0.099800 1.250000 0.100000 0.650000 1.899900 0.149900 0.250000 1.099500 
1.000000 0.450100 0.449800 0.100100 0.500000 3.900200 0.600000 0.150200 1.350700 
0.150000 1.349800 0.149900 0.250000 0.200200 0.900000 0.500000 1.500000 0.399500 
0.949900 0.250000 2.250000 0.200000 0.100100 0.300200 0.600100 0.250000 0.400200 
0.250000 0.100100 0.149900 3.450000 0.450100 0.199800 0.150000 0.150000 0.099800 
0.250000 0.449800 0.100100 0.449900 0.199800 0.200000 0.150000 7.050000 0.149300 
0.100100 0.250000 0.250000 3.500000 0.500000 0.400200 0.549800 0.350000 0.950200 
0.200000 1.000000 0.250000 1.100000 0.200200 0.649900 0.250000 2.000000 0.150200 
0.650000 0.300000 0.100000 0.600100 0.100000 0.550200 0.949900 0.149900 0.200200 
0.100100 0.450200 0.549900 0.350100 0.399900 0.100000 1.150000 0.450200 0.649500 
0.450200 0.300000 0.400000 1.250000 0.750000 0.350000 0.650000 1.700000 0.500000 
0.300100 0.100000 0.100100 0.600000 0.099800 0.500000 1.200100 1.449900 1.400500 
0.450200 0.350000 0.350100 2.000000 2.100000 0.149900 0.350000 0.150000 0.099800 
0.500000 0.099800 0.150000 0.500000 0.400000 0.700000 0.900200 0.550100 0.550000 
0.600100 0.300100 0.200200 0.100100 0.449900 0.600100 0.149900 0.350000 0.350700 
0.250000 2.950100 0.600000 0.100100 0.750000 0.500000 0.500000 2.699900 0.700300 
0.250000 1.300100 0.300100 0.150200 0.199800 1.149900 1.299800 0.800200 0.599500 
1.400000 0.250000 0.550000 0.150000 0.500000 0.799900 0.100000 1.949800 0.149500 
0.199800 0.900200 0.150000 0.450200 0.200200 8.000000 0.250000 0.150000 0.200300 
0.300100 0.100000 0.650000 0.299900 0.350000 0.100100 1.199800 4.600000 1.799700 
0.149900 0.149900 0.100100 0.199900 0.350100 0.100100 0.299800 1.399900 1.049700 
0.550200 0.500000 0.500000 0.300100 0.100100 0.100100 0.100000 0.699900 0.350500 
0.150000 0.350100 0.800200 0.250000 1.450200 0.100000 0.149900 0.100000 0.400200 
0.900000 0.100100 0.250000 0.700100 1.000000 3.250000 0.400000 0.349800 2.400500 
0.200100 0.700000 0.099800 5.650200 0.150000 0.149900 0.100000 0.699900 0.500000 
0.500000 1.049800 0.099800 3.100100 2.650000 0.099800 0.449900 2.750000 1.150200 
0.400200 0.150000 0.150000 0.500000 2.750000 0.699800 0.500000 2.200100 0.450200 
0.450000 0.650200 0.500000 0.100100 0.650000 0.200000 0.400000 0.850100 0.800000 
4.650000 0.900000 0.650200 2.500000 0.300200 1.149900 0.700200 0.399900 0.150200 
0.250000 0.400000 0.250000 0.199800 4.950200 0.099800 1.500000 0.200100 1.049700 
2.699900 0.100100 0.300000 0.300100 2.700100 0.100000 0.100000 0.300100 1.750000 
0.350000 0.250000 0.099800 0.200200 0.150000 0.200000 0.350100 0.149900 0.600500 
0.850100 0.200100 2.200100 0.650200 0.149900 0.200000 1.000000 0.699800 1.799800 
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0.200000 0.250000 0.600700 0.149500 0.450300 0.450200 1.349800 1.000000 0.849500 0.250000 
0.750000 0.299700 0.200200 0.400500 1.350500 0.250000 0.149300 0.150500 0.349800 3.950200 
0.150500 0.400200 0.250000 0.200300 0.900500 0.100500 1.250000 0.149300 0.600500 0.099800 
1.250000 0.200000 0.349500 0.500000 0.899500 0.500000 0.800000 0.200300 0.900500 1.000000 
0.250000 0.500000 0.100700 0.150500 0.099500 0.099500 0.250000 0.250000 0.100700 0.551000 
0.350500 1.900500 0.349800 1.200000 0.200500 0.450500 0.099500 0.299800 0.099500 0.599500 
0.650200 0.349500 0.099800 0.950200 0.599500 0.750000 0.849500 0.250000 0.099500 0.099800 
0.299500 0.799500 0.099500 1.000000 0.250000 0.599800 0.099500 0.399500 0.549800 0.199000 
0.500000 0.250000 0.099800 0.299800 1.000000 2.399300 0.500000 0.500000 0.250000 0.700300 
0.399500 0.800000 0.100700 0.301000 0.599500 0.099800 6.899300 1.149500 0.699000 0.500000 
0.650200 1.599500 0.400500 2.849500 0.450500 0.099500 0.200300 1.300000 0.250000 1.250000 
0.099500 0.801000 1.400500 2.500000 0.150500 1.549700 4.100500 1.000000 0.150500 0.200500 
0.399300 1.299700 0.250000 1.049500 1.450200 1.400200 0.900200 2.349500 1.149500 1.750000 
3.250000 0.599500 0.250000 0.450300 1.850500 0.150500 0.599500 0.149500 0.099500 0.149300 
0.349500 2.299700 6.750000 1.500000 0.550000 0.549800 0.450200 0.849500 0.449000 0.349800 
0.199000 0.199000 2.950300 0.400200 0.649500 0.649300 1.450000 0.801000 0.150500 0.950000 
1.099500 0.750000 2.799800 0.400500 0.200200 2.600500 12.600700 1.299700 10.699000 0.200000 
0.250000 0.349500 0.200300 0.849800 0.750000 1.850500 8.850500 0.400200 0.350500 0.250000 
0.149300 2.750000 0.099800 0.099800 1.799500 0.149500 0.150500 0.250000 1.250000 0.100500 
1.200000 0.650500 0.150500 0.450500 0.150500 1.549800 0.849500 0.899300 0.200300 0.349500 
0.400200 0.200500 0.450000 0.399300 0.150200 0.400500 0.349500 0.449000 0.400500 0.099500 
0.799500 1.100500 0.099500 0.349500 0.099500 1.150500 0.450500 1.551000 0.150500 0.099500 
0.349500 0.300000 1.000000 0.750000 0.150500 2.299700 0.099500 0.150200 0.250000 0.650500 
0.301000 0.450300 1.500000 0.799500 0.599500 0.699000 0.349800 1.900200 0.250000 0.700000 
0.350700 0.599500 0.100500 0.150500 0.099500 0.299800 0.100700 4.599500 0.599500 2.100700 
1.300000 0.299700 5.850700 0.650500 4.000000 1.150500 2.799500 0.200300 0.549800 0.500000 
0.399500 0.450000 2.950500 0.199000 4.000000 1.200500 1.899300 0.699000 0.400500 3.150500 
0.450300 2.150500 0.500000 0.099500 0.149500 0.400500 0.100500 2.900200 0.100500 1.550000 
0.200200 0.200200 1.099500 0.200300 6.250000 0.250000 3.200300 0.899300 0.100500 0.250000 
0.849500 0.400200 0.599500 0.849500 1.700300 1.150500 1.000000 0.099500 0.250000 0.150500 
1.450500 0.200200 0.649500 0.450300 1.000000 0.551000 3.950200 0.100700 1.099500 0.750000 
0.500000 0.500000 1.049700 0.850500 0.149500 2.049500 0.599500 3.649500 0.250000 0.200000 
0.250000 4.550000 2.000000 0.400500 3.349800 0.700300 0.899300 1.149500 0.149300 0.099500 
1.200200 0.150200 0.349500 0.200200 0.301000 1.700500 2.599500 0.849500 0.650500 0.650500 
0.650500 0.099800 0.450200 1.150200 0.400200 0.850500 4.600700 0.750000 0.149500 2.799700 
0.350700 1.349500 0.150200 4.599500 0.649500 1.500000 0.650200 1.100500 0.349500 0.899500 
0.500000 0.100700 0.699000 2.750000 0.449000 0.599800 0.099500 0.349500 0.301000 0.950000 
0.649300 1.400500 0.549500 1.299500 0.300000 1.600500 1.049800 0.149300 0.600700 1.299500 
2.349500 0.099500 0.150200 0.250000 1.000000 0.650500 0.549700 0.799500 1.450300 0.100700 
0.299800 0.250000 0.200000 2.900200 0.300000 0.099800 0.700200 0.250000 0.100500 2.400500 
0.450000 0.500000 0.650500 0.200200 0.100500 0.099800 0.599800 0.500000 0.699000 0.200300 
1.250000 0.599800 0.500000 4.000000 3.850500 0.450200 0.100500 0.250000 0.350500 0.600500 
0.450200 3.149300 0.200500 0.250000 0.200300 0.400200 4.000000 0.150500 0.650500 0.100500 
0.099500 0.450200 0.250000 3.699000 0.599500 0.649500 5.150200 0.650500 0.199000 0.250000 
2.000000 1.549500 0.200500 0.450500 0.099500 0.650500 3.500000 0.250000 0.500000 1.700200 
0.200300 0.099500 0.600500 2.250000 1.700500 0.450500 1.149500 0.200000 0.099800 0.150200 
0.349800 0.200200 3.450500 2.799500 0.649500 1.299800 1.900200 0.399300 0.149300 1.250000 
0.250000 2.849500 0.500000 0.549700 0.500000 0.150500 1.250000 0.200200 0.300000 0.200300 
5.700000 2.049700 0.400200 0.500000 0.750000 0.400500 1.650500 0.899300 1.301000 0.299800 
1.099500 1.699000 0.450500 2.099500 0.500000 0.149300 0.350500 0.450000 1.250000 0.450500 
0.250000 0.300000 0.899500 0.700200 0.200200 0.100500 1.649300 0.300000 0.349800 0.300000 
0.650500 0.399500 0.099800 0.250000 0.550000 0.200300 0.149300 1.250000 0.350500 0.099800 
0.800000 0.149500 0.200300 4.299700 6.801000 0.200200 2.650200 1.299700 1.100700 0.199000 
0.699000 0.350700 0.399300 1.150200 0.649500 0.399300 7.750000 0.600500 0.099500 2.299500 
0.599800 0.250000 0.400500 0.150500 0.650500 0.700000 0.700200 0.500000 1.450500 0.099500 
7. Appendix 
                                                                                                                                       117 
D      Open times of TRPM8 at Vpatch = 60 mV after 0.1 M icilin, part VI 
 
0.900500 1.551000 3.149300 1.551000 0.299800 1.649300 11.150500 1.150500 8.450500 0.099500 
0.350500 2.500000 0.700300 1.650200 0.199000 1.299800 17.149500 1.301000 2.000000 1.399300 
0.200300 0.500000 4.099500 0.450500 2.450200 0.599500 0.250000 1.599500 0.099800 2.500000 
0.349500 0.350500 0.599800 2.899300 0.200200 1.049800 0.200300 1.049800 0.450200 0.250000 
0.299800 3.850700 2.299800 1.150200 3.500000 0.700200 0.650500 0.149500 0.600500 0.599500 
0.099500 2.500000 0.149500 0.649300 1.099500 1.099500 0.350700 0.150500 0.150500 0.150500 
0.700000 0.450300 1.400500 0.350500 3.599500 0.099500 1.250000 0.250000 0.200000 1.849500 
0.149500 1.099500 0.750000 1.000000 1.450000 1.250000 0.150500 0.399500 0.099500 0.099800 
0.200300 0.450300 0.200200 0.099500 1.900200 0.099800 9.150200 0.699000 2.800000 0.250000 
0.150200 0.099500 0.400500 0.100500 0.649500 0.100500 0.100500 1.000000 0.400200 0.299700 
0.200200 0.500000 0.599800 0.301000 0.149300 0.150500 0.349500 1.399300 0.250000 0.849800 
0.550000 0.200300 2.900200 1.000000 1.200200 0.099500 0.199000 0.750000 2.500000 0.799800 
0.100700 0.800000 3.250000 0.250000 1.350700 4.099800 0.149300 0.099500 1.700300 0.399500 
0.900500 0.099800 0.750000 0.301000 0.449000 0.450300 2.400500 4.250000 1.000000 0.950300 
1.600500 0.149300 3.350700 0.200500 1.000000 0.950200 2.099500 16.149500 0.950500 0.599800 
3.049800 1.400200 1.250000 2.200300 2.150500 0.700500 0.149500 4.349500 0.200300 0.100700 
2.849500 0.099500 0.450500 0.899500 0.449000 1.049500 0.350500 2.450500 0.349500 0.250000 
0.900200 1.099500 0.349800 0.099800 1.149500 1.301000 0.100500 0.200500 0.200300 2.149300 
2.450000 2.150200 0.200500 0.100500 1.399500 0.200500 0.300000 13.400500 0.349500 0.100500 
1.100700 0.200200 4.049500 0.100500 4.250000 0.250000 0.200200 1.099500 1.000000 0.400500 
1.700500 0.850700 5.400500 5.250000 7.900500 0.099500 0.449000 4.150500 0.349500 0.450500 
1.250000 0.150200 0.700500 5.350700 1.299700 0.200000 0.700200 9.450000 1.799800 0.449000 
3.000000 0.700300 0.549700 0.149300 0.150500 0.649500 1.000000 2.450500 0.099800 0.500000 
0.549500 1.600500 1.400500 0.149300 0.149300 1.000000 0.099800 0.100500 0.150500 0.250000 
0.500000 0.500000 2.500000 0.399300 2.950300 1.200000 0.250000 0.149300 1.149500 0.650500 
0.400200 0.149500 0.649300 0.200500 1.400500 0.400500 0.750000 4.799500 2.049500 0.099800 
2.549500 0.149500 0.100500 0.250000 4.200500 0.799500 0.549800 0.301000 8.450300 1.050000 
0.899300 0.150500 0.250000 0.149300 0.250000 0.650500 1.000000 1.649500 0.250000 0.100500 
0.200200 0.149300 0.750000 0.250000 0.199000 0.199000 0.200000 5.399300 0.699000 0.850700 
0.150200 0.149500 0.150200 0.450200 0.700300 0.950300 0.450200 0.549700 3.750000 0.649300 
0.200500 0.599500 0.100700 0.099500 1.700200 0.350700 0.299500 0.799500 0.649500 1.450000 
0.349800 0.250000 0.750000 0.250000 1.400200 0.649300 0.099800 1.049500 1.250000 1.400500 
0.549500 0.900200 0.549500 0.200500 0.700500 4.199000 0.299700 1.400500 0.700500 0.949000 
0.099500 0.200300 0.299800 2.149500 0.299500 1.599500 1.400500 0.099500 0.900500 1.000000 
0.299800 0.350700 1.850500 0.149300 0.500000 1.099500 0.149300 0.100700 0.550000 0.099500 
0.100500 0.750000 0.950000 0.350500 0.500000 1.500000 0.099500 0.100500 0.199000 1.850500 
0.100500 0.450200 2.900500 0.400200 0.149300 1.301000 0.450500 7.950000 1.600500 3.450200 
0.299700 7.099800 0.600700 0.100700 3.050000 0.750000 4.000000 5.700300 1.199000 2.250000 
0.350500 2.450300 0.700000 0.450500 0.650200 0.550000 0.349500 1.550000 0.649300 0.950300 
0.250000 2.849500 0.550000 0.099800 3.699000 2.000000 0.650500 0.449000 0.149300 2.849500 
0.350500 2.700300 0.700200 3.600500 0.649500 0.900500 0.250000 0.250000 0.149500 0.700300 
10.600700 0.099500 0.400200 0.650200 0.500000 0.299800 3.549800 0.099800 7.899300 0.250000 
6.150200 2.899500 0.099500 1.551000 0.100500 0.200300 1.449000 2.150500 6.000000 0.099500 
0.100500 3.950200 0.349500 0.450300 1.399300 6.400500 4.750000 0.551000 0.699000 0.549500 
0.150500 18.448999 1.450000 2.500000 0.349500 0.500000 0.400200 1.700500 10.849500 0.900500 
0.600700 8.950300 18.000000 0.450200 0.500000 2.400500 0.500000 0.099800 0.399300 0.849500 
0.700000 30.500000 0.750000 0.450500 0.650200 8.550000 0.200500 0.801000 0.200000 1.549500 
0.200500 0.899500 0.250000 0.750000 0.299500 0.500000 0.400500 5.050000 0.450200 0.099800 
0.750000 0.100700 1.450500 0.099500 0.849800 1.250000 1.799800 2.301000 3.600700 1.900500 
0.100500 0.200000 0.100500 0.900500 0.599800 0.900500 0.149300 0.700200 0.200500 0.250000 
0.149500 10.599800 1.300000 1.250000 1.150500 13.949000 0.449000 0.750000 2.149500 1.500000 
0.500000 7.250000 0.500000 2.650500 0.800000 0.950000 0.950200 1.450200 0.150200 0.100700 
0.150500 6.350500 0.100700 4.350500 0.149300 1.849800 0.099500 1.099500 1.049500 0.099800 
0.150500 3.950500 0.099500 2.349500 0.699000 0.099500 0.199000 2.299800 1.400500 3.599500 
0.099800 2.450500 1.450200 2.300000 3.150500 6.799800 1.699000 1.950200 0.350700 4.350500 
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0.599500 6.750000 0.101800 0.250000 0.250000 8.599500 0.849500 4.349500 5.900500 0.849500 
0.600700 0.650500 0.150500 4.250000 2.798500 2.400300 13.301000 3.250000 0.199000 0.300800 
1.449000 7.700000 0.900500 1.650500 3.099700 6.000000 0.801000 1.201300 0.101800 0.301000 
4.350700 2.650500 2.750000 3.000000 0.250000 2.849500 3.449200 0.250000 0.351800 0.199200 
0.400500 0.200000 1.150500 0.650500 4.301000 4.750000 0.851800 1.099500 0.900500 0.150500 
0.350700 1.051000 0.250000 0.099700 0.099700 0.250000 0.500000 0.849500 2.048500 0.699000 
1.650500 4.950500 0.500000 0.150300 0.099500 0.500000 0.150500 3.150500 0.250000 0.199000 
0.301000 0.099800 1.500000 0.101800 0.301000 1.750000 0.849500 2.898200 0.201300 1.500000 
0.650500 0.149500 1.301000 0.150500 0.099500 4.000000 0.250000 0.250000 0.298500 3.099500 
0.200200 1.449000 3.199000 0.099500 0.500000 5.949000 0.099500 1.150500 0.150300 4.601800 
1.450200 0.200500 1.701300 0.849700 0.099700 0.349500 4.550800 0.099500 0.398200 1.851800 
2.000000 1.301000 0.099500 0.148200 0.301000 3.849500 0.500000 1.400500 0.949000 1.000000 
0.750000 1.799800 0.349500 0.199000 0.150500 0.851800 2.349700 2.148200 0.398200 4.250000 
0.149300 2.801000 0.750000 0.099500 0.750000 0.148200 2.349700 3.599500 0.349500 0.451500 
0.250000 0.100500 1.099700 0.099500 0.400500 0.201500 0.148200 0.301000 2.150500 2.500000 
1.450000 1.099500 0.250000 1.051000 0.298700 0.199000 0.099500 4.949000 0.150500 0.951500 
0.099500 0.650200 1.599500 1.400300 4.699000 0.101800 0.250000 7.750000 0.099500 1.449000 
0.150500 1.250000 2.400300 1.150500 2.900500 0.400300 0.349500 3.400500 1.298700 3.298500 
0.250000 0.849500 1.050800 1.400500 0.699200 1.099500 1.250000 0.851800 3.000000 0.500000 
0.099800 0.149300 0.951300 0.801000 0.201300 0.298500 3.699000 2.951500 3.798700 0.150500 
0.150200 2.299700 0.101800 3.201500 0.199000 3.650300 0.150500 1.101800 0.099500 5.500000 
2.700500 1.950000 0.349500 1.000000 0.349500 0.500000 0.201300 4.500000 2.150500 10.199000 
0.750000 0.400200 1.101800 0.599500 1.051000 0.951300 2.099500 0.699000 3.000000 4.099700 
0.950000 3.950300 1.798500 0.201500 0.199000 1.349500 0.300800 7.048500 0.300800 4.500000 
0.350700 0.150500 0.400300 0.551000 0.599500 0.250000 3.150500 3.150300 0.250000 0.500000 
0.100500 0.549700 11.900300 0.349500 0.349500 1.900500 4.750000 1.648200 0.400300 4.648200 
0.100700 0.500000 2.351800 0.500000 0.500000 4.798700 2.150500 0.798700 0.449000 0.650500 
0.200500 5.699000 1.798700 0.750000 0.701300 0.150500 0.099700 0.150300 0.599500 2.699000 
0.299500 0.750000 4.798700 0.099500 0.150500 3.849500 0.250000 0.601800 0.099700 7.849500 
0.950500 0.299800 0.250000 0.201500 0.500000 0.599500 0.548700 1.201300 9.250000 6.750000 
0.650500 0.250000 0.099500 0.099500 0.298500 0.301000 0.099500 4.849500 2.951300 1.599500 
1.849500 0.099500 6.949000 0.250000 0.099500 1.601800 0.199200 6.000000 1.000000 2.099500 
2.200300 0.099500 2.301000 0.199000 0.900500 1.150300 0.201500 0.199200 1.000000 0.451500 
1.050000 0.599500 0.148200 0.548500 1.150500 3.701500 0.599500 0.849500 7.550800 1.650300 
0.149300 0.299700 1.199000 1.551000 1.599500 2.201300 0.500000 0.199000 3.951300 0.701300 
0.349800 0.849500 5.949000 0.099500 0.150500 0.250000 0.150500 0.851800 0.298500 9.301000 
1.700200 4.549700 1.951300 0.298500 0.750000 2.099500 0.650500 2.849500 0.150300 1.898200 
0.250000 0.200200 0.849500 0.601800 1.349500 1.849500 0.250000 0.250000 2.800800 0.199000 
0.649500 4.299800 0.099500 0.150500 3.250000 5.449200 1.750000 0.201500 0.798700 0.849700 
0.399500 0.801000 0.298700 1.349500 1.150500 0.701300 0.900500 2.000000 0.199000 1.048500 
1.400500 0.150500 0.250000 1.150500 1.048500 0.099500 2.449000 1.298500 0.349500 0.150500 
0.699000 3.051000 0.199200 0.300800 0.849500 1.349500 0.500000 3.398200 0.398200 3.449200 
0.349500 2.549700 1.051000 0.500000 0.101800 0.099500 0.301000 0.800800 2.449000 2.099500 
1.549700 4.200000 0.451500 2.250000 0.201500 1.250000 1.199200 0.099700 0.601800 12.250000 
0.801000 1.099500 0.398200 0.750000 1.551000 1.449200 1.449000 0.199000 2.949000 0.250000 
0.200500 4.301000 2.300800 3.400500 1.400500 0.150300 2.849500 0.099500 0.400300 2.050800 
0.099500 1.450300 0.500000 1.449000 0.349700 4.451300 0.349700 0.801000 0.301000 0.199000 
0.399500 1.150500 0.949000 3.801000 0.148200 0.099700 1.099500 5.349500 1.000000 2.048700 
4.450000 0.301000 0.699000 2.400300 2.601800 6.798500 1.750000 1.199200 0.650500 0.398200 
0.099500 0.400500 0.551000 1.599500 0.250000 0.500000 0.250000 0.099500 0.449000 0.548500 
0.450300 3.051000 0.150500 0.099700 0.099700 0.451500 2.099500 1.400300 2.400500 2.951500 
0.100700 1.599700 0.300800 2.650300 0.349500 0.800800 1.451500 0.699200 0.099700 1.099500 
0.150500 0.099500 3.451500 0.949000 0.800800 5.550800 6.650500 5.398200 0.601800 0.199000 
2.700200 0.599500 0.949000 0.548700 0.800800 0.099500 0.650500 0.500000 3.699200 2.599500 
0.400500 0.699000 0.250000 0.199200 10.349700 0.400500 1.150500 2.000000 2.099500 0.750000 
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0.400500 6.050800 1.150500 0.250000 6.301000 0.599500 0.250000 0.201300 0.349500 0.101800 
5.000000 2.349500 0.150500 2.449200 0.199000 0.400500 1.951300 0.150500 6.949200 0.250000 
1.900500 1.451500 0.500000 0.548500 0.648200 0.099700 1.500000 0.099700 3.000000 0.301000 
2.150500 0.500000 0.099500 1.400500 4.349700 0.800800 1.800800 0.099500 0.449000 0.199200 
1.201500 0.250000 0.201500 0.099700 0.398200 1.849700 1.551000 0.551000 3.551000 1.298500 
6.150300 0.201500 0.101800 0.099500 0.201500 0.449000 4.051000 0.150300 0.500000 0.101800 
0.699000 0.548500 29.900499 0.148200 0.099500 1.150500 0.951300 4.898200 1.599500 0.349700 
2.451500 0.150500 14.000000 0.298500 0.650300 0.599700 2.099500 0.750000 4.548500 4.099700 
1.201300 0.150500 3.000000 0.699000 0.500000 0.449200 0.701300 1.400500 2.199000 0.099500 
2.150300 0.150500 0.250000 0.449200 0.099500 0.349500 0.599500 0.250000 0.400500 1.298700 
10.900500 0.400500 0.199000 1.150300 0.250000 1.150300 0.298500 1.650500 0.349700 0.201500 
4.900500 0.101800 0.548700 6.500000 0.349700 2.750000 1.500000 0.250000 0.951500 0.101800 
2.199000 0.250000 6.250000 0.101800 0.300800 0.298700 1.000000 0.150500 0.150300 0.099500 
1.750000 0.101800 3.798700 0.099500 0.099500 0.550800 0.150500 0.150500 2.000000 0.101800 
0.648200 0.201300 16.900499 0.199200 0.099500 0.951300 2.099700 0.650300 0.199200 0.301000 
0.750000 0.250000 0.150500 1.500000 0.298500 0.551000 0.199200 0.101800 0.101800 0.099700 
0.101800 0.250000 0.148200 0.449000 0.099500 1.051000 0.148200 0.099500 0.099500 0.099500 
0.900500 1.150300 0.099500 0.099500 0.099500 2.851800 2.601800 0.099500 1.099700 0.101800 
0.250000 0.949200 2.699000 0.099500 0.148200 1.051000 0.250000 0.250000 0.150500 4.349500 
0.201300 1.051000 0.150500 0.099500 0.650500 0.351800 0.951300 2.949200 2.150500 0.798700 
1.250000 0.250000 1.801000 0.199000 0.101800 0.650500 1.650500 0.349500 0.551000 0.798700 
0.400500 0.701300 0.201500 14.750000 0.449000 1.048500 0.699000 0.250000 0.099500 0.099500 
0.500000 0.750000 3.951300 0.150500 1.599500 0.548500 0.550800 0.449000 0.750000 1.650300 
0.250000 1.050800 8.201300 7.949000 0.451300 0.099500 0.351800 1.000000 1.650300 0.351800 
3.250000 0.250000 0.250000 6.301000 0.301000 1.500000 1.349500 0.199000 0.199000 2.798700 
2.349500 0.201500 0.599500 0.250000 0.201300 0.150500 7.500000 0.599700 1.349500 0.400500 
3.148200 0.150500 8.099500 0.101800 3.400500 1.301000 0.351800 4.349500 2.500000 1.148200 
4.451500 0.551000 3.148200 0.148200 1.650500 0.099500 0.199000 0.150300 0.300800 0.099500 
8.451300 4.949000 6.951500 0.099500 0.199000 0.451500 4.199000 0.201300 0.599500 0.701300 
0.099500 0.400500 0.599700 0.099500 0.150500 0.099500 2.500000 0.099500 0.699200 0.551000 
0.099500 0.301000 2.048700 2.000000 0.949000 2.849500 0.449200 0.150500 2.599500 1.599500 
2.150500 1.099500 1.000000 0.300800 0.150500 0.150300 0.250000 0.099700 1.099500 0.349500 
7.900500 0.500000 7.599500 11.000000 0.599700 0.099700 0.101800 0.300800 0.951500 0.298700 
1.500000 8.048700 18.951500 9.599500 6.550800 0.548500 0.400500 0.250000 0.599500 0.150500 
2.150500 2.250000 0.099500 54.150501 0.150500 0.349500 0.199000 0.148200 1.250000 0.298500 
0.201300 0.548700 0.849500 13.449000 13.900500 0.400300 0.500000 0.650300 0.349500 0.750000 
0.400500 1.048500 0.199000 0.349500 1.451500 3.400500 0.650500 0.099500 1.349700 0.750000 
4.449200 2.301000 0.150300 0.101800 0.599500 1.048700 0.150500 0.949200 0.798500 0.099700 
2.199000 0.099500 0.500000 0.199000 0.250000 1.048500 0.150500 0.250000 0.949200 0.201300 
0.701300 2.150500 0.099700 40.048500 0.750000 3.650500 0.551000 0.298700 1.000000 0.298700 
1.048500 3.349500 0.199000 10.099500 2.150500 1.449000 0.199000 0.099500 0.500000 0.701300 
6.298500 0.099700 0.548500 0.199200 0.400500 0.699000 1.599700 0.099700 0.101800 0.199000 
0.849500 0.099500 1.451300 0.099500 1.301000 0.301000 2.701500 0.449000 1.650300 1.699000 
0.099500 0.199200 0.199000 0.199000 0.699000 0.548700 1.701300 2.351800 1.050800 2.150500 
0.349500 3.099500 0.148200 0.548700 1.099500 2.250000 0.150500 0.150500 0.201500 3.949000 
2.500000 1.500000 0.250000 0.150500 0.201500 0.699000 0.099500 0.500000 0.451300 3.051000 
1.298500 0.199000 0.250000 2.000000 1.699200 4.199000 0.699200 0.199200 0.701300 3.048500 
0.400500 1.750000 1.250000 5.199200 0.949000 2.849500 0.150500 0.750000 0.099500 1.500000 
0.699000 3.601800 1.099500 24.099701 2.150500 0.298700 0.449000 0.101800 0.150500 3.101800 
0.099700 2.851800 0.449200 0.099700 1.250000 0.199200 0.099700 0.500000 1.349500 2.599700 
0.099500 0.298700 1.500000 0.201500 1.800800 0.500000 0.101800 0.099500 0.650500 6.500000 
1.449200 11.099500 0.099500 0.150500 0.849700 0.199000 0.250000 0.150300 0.349500 0.451500 
0.099500 8.550800 0.099500 0.349500 0.099500 0.199000 0.101800 0.099500 0.449000 2.000000 
3.900500 18.548700 0.099700 7.449200 0.699200 3.148200 0.148200 0.101800 0.701300 2.500000 
0.900500 0.101800 0.398200 0.201500 1.201300 0.500000 1.650500 0.650500 0.298500 0.500000 
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0.699000 0.699000 6.201500 0.148200 2.500000 0.201300 0.150500 0.900500 0.500000 0.551000 
0.650300 1.150500 0.500000 0.250000 0.650500 2.051000 0.599700 0.199000 0.199200 2.099700 
2.599500 2.000000 0.099500 0.199000 0.148200 10.601800 0.099500 0.250000 2.951300 3.900300 
3.099500 0.349500 0.099700 2.148200 0.150500 2.800800 2.951300 1.250000 5.298500 3.750000 
0.250000 0.150300 0.099500 0.148200 0.599500 0.451500 0.099500 0.298500 7.099500 2.798500 
0.250000 0.201500 0.300800 0.351800 3.900500 3.250000 1.551000 0.500000 0.648200 0.101800 
1.301000 0.150300 0.199200 0.250000 1.051000 0.548700 0.798700 0.298700 3.701300 1.201300 
0.548700 0.250000 0.650500 0.150500 0.699000 0.750000 0.250000 0.650500 0.250000 0.298500 
0.601800 0.298500 0.750000 0.449200 0.301000 0.349500 0.099700 0.949200 0.449000 1.000000 
0.798700 3.300800 0.449200 0.099500 0.250000 1.650500 8.451300 0.548500 2.898200 0.349500 
0.301000 1.150500 2.849500 0.551000 1.551000 0.150300 1.199200 1.500000 0.449000 0.650500 
0.250000 0.201300 0.201300 0.099700 0.500000 0.199000 1.250000 0.101800 0.201500 1.099700 
0.201300 0.099500 1.551000 0.801000 1.800800 0.150300 3.150500 2.398200 1.048700 0.250000 
0.148200 0.099500 0.801000 0.250000 0.750000 0.250000 0.199200 0.099500 0.550800 0.400300 
0.199200 0.099500 0.101800 0.201300 0.650300 0.898200 0.099500 0.099500 0.099500 1.551000 
1.250000 0.148200 2.900500 0.099500 2.150500 0.250000 0.201300 5.750000 0.599700 0.801000 
0.548700 0.099500 6.551000 0.351800 0.798700 0.250000 0.099500 0.101800 0.150500 0.551000 
0.250000 0.150500 0.349500 0.449000 3.699000 0.400500 0.301000 0.599700 0.150500 0.099700 
0.750000 0.101800 2.250000 0.500000 1.250000 0.300800 0.250000 0.250000 0.199000 0.849500 
0.199000 0.150300 1.349500 1.900500 0.150500 0.150500 0.451300 1.048700 0.150500 0.798700 
4.599500 0.150500 4.301000 4.000000 0.750000 0.150300 0.300800 2.551000 0.349500 0.349500 
0.148200 0.250000 4.551000 0.900500 0.650300 0.500000 0.101800 1.301000 0.099500 0.298700 
2.199000 0.101800 0.250000 0.801000 0.351800 1.699000 0.150300 0.550800 0.349500 1.148200 
1.400500 1.250000 0.101800 1.150500 0.201500 4.650500 0.451300 0.449200 1.150500 0.099700 
0.400300 0.400500 0.150500 0.551000 0.250000 0.551000 0.250000 0.398200 1.301000 0.500000 
0.500000 0.099500 0.150500 0.949000 0.301000 0.801000 0.551000 0.099500 0.500000 7.849500 
0.199200 0.199000 3.051000 0.101800 0.548500 0.400300 1.851800 0.099500 1.750000 3.849500 
0.099500 0.099700 2.701300 0.599500 0.451300 0.398200 0.099500 0.099700 2.349500 8.351800 
0.400500 0.101800 2.051000 0.101800 0.301000 0.500000 0.250000 6.500000 0.148200 3.599500 
0.750000 0.201500 0.099500 0.548700 0.349500 1.500000 0.298500 0.199000 0.949000 3.500000 
0.300800 0.250000 0.150300 0.301000 0.201500 0.500000 2.601800 3.250000 0.150300 1.150300 
0.250000 1.449000 0.551000 0.201500 1.548500 3.449000 0.298700 0.601800 2.849700 2.250000 
2.801000 0.250000 2.548700 0.300800 1.000000 1.000000 0.548500 1.298500 1.949000 1.349700 
1.449000 0.099700 0.650500 1.051000 0.650500 4.648200 0.849500 0.400500 2.250000 0.500000 
1.650500 1.750000 1.900300 0.099500 0.949000 0.900300 1.101800 2.900500 1.800800 1.449000 
3.051000 8.500000 0.351800 0.400300 0.849700 0.551000 1.400500 0.150500 1.750000 0.699200 
0.301000 1.048700 0.400500 0.349500 0.400300 0.301000 7.000000 1.451500 0.199000 0.199000 
0.250000 0.900300 0.551000 0.301000 3.201500 1.000000 3.050800 1.949000 0.099500 0.199000 
0.099500 1.601800 0.301000 0.250000 6.400300 1.150300 0.400300 3.099500 0.851800 1.650500 
7.050800 0.298700 0.500000 0.250000 0.099500 0.099500 1.849700 0.798700 1.150500 0.449000 
2.599500 1.250000 0.099500 0.701500 0.599500 0.199000 2.400500 2.150500 6.451500 0.199000 
0.150300 0.451300 0.599700 0.400300 0.449000 0.150300 1.048500 0.199000 0.599500 1.398200 
0.201300 0.349700 0.298500 1.150500 0.099500 0.150300 0.898200 0.398200 0.250000 0.451300 
0.699000 0.099700 0.250000 0.150500 0.250000 0.099500 2.099500 0.400500 0.301000 0.099500 
0.099500 0.648200 0.900500 0.201500 1.150500 0.451300 0.099500 0.451500 0.099700 0.298500 
0.150500 0.298500 0.199200 0.400500 1.898200 0.500000 1.148200 0.449000 1.349500 0.750000 
0.099500 0.250000 0.449000 0.099700 0.900500 1.000000 0.750000 2.750000 0.150500 0.349700 
0.250000 0.099700 0.099700 0.300800 0.199200 0.250000 0.650300 6.199000 0.099500 0.500000 
0.150500 0.099500 0.548700 0.150500 0.099500 0.301000 5.199200 0.400500 0.201500 0.099500 
0.250000 0.801000 0.650500 0.150500 2.349700 0.400500 0.500000 2.150500 0.150500 0.199200 
0.250000 0.699000 0.650300 1.050800 1.648200 0.250000 0.349500 2.400500 0.250000 0.398200 
1.301000 1.851800 1.050800 0.400500 2.048500 0.099500 0.301000 6.051000 0.301000 3.400500 
1.298500 1.449200 0.900300 0.949000 1.449200 0.650500 0.349500 0.148200 0.148200 0.199000 
0.601800 0.148200 0.250000 0.101800 5.250000 0.400500 5.051000 0.500000 0.201300 0.599700 
1.949200 2.599500 0.398200 0.400500 0.400500 0.199200 4.851800 0.099500 0.301000 2.449000 
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0.150300 0.101800 3.900500 1.849500 1.900500 0.449000 1.150300 4.000000 0.400300 0.201500 
0.150500 2.449200 1.750000 0.298500 1.301000 2.199000 0.150300 1.349500 0.351800 0.199200 
0.250000 1.000000 0.449000 0.099700 1.551000 3.050800 2.099500 0.601800 0.400500 2.099500 
0.150500 0.500000 0.449000 0.548700 0.150500 0.451300 1.201500 1.298500 0.548500 0.250000 
1.599500 0.099700 0.099700 0.650500 0.099700 0.951500 1.500000 0.250000 0.349500 0.551000 
2.201300 4.750000 0.148200 2.949000 0.150500 2.298700 0.300800 0.250000 0.451500 0.099500 
1.250000 3.548500 0.099500 2.451500 0.699000 1.400500 0.201300 0.548500 1.199000 0.449000 
0.599500 3.351800 1.000000 1.300800 3.548500 0.900300 1.648200 0.101800 2.599700 0.650500 
0.601800 1.199000 0.148200 0.148200 2.148200 0.650300 0.500000 1.349500 0.099500 3.699000 
0.900500 0.201500 2.500000 0.500000 1.699000 0.250000 1.000000 0.750000 1.150300 2.199200 
0.250000 0.099500 1.898200 2.701500 0.150500 0.849500 1.849500 0.148200 0.250000 2.650300 
0.349500 0.500000 0.250000 0.099500 0.298500 0.298700 0.351800 0.548700 0.199200 0.250000 
4.301000 2.298700 0.150300 2.048700 0.150300 0.449000 0.199000 0.650500 1.300800 1.148200 
0.301000 2.298500 2.599500 2.048500 2.199000 0.849500 0.150500 0.201300 4.099500 0.250000 
2.150500 0.199000 0.250000 0.199000 0.449000 2.048500 2.851800 1.898200 8.201500 1.099500 
0.199000 0.150500 0.599700 0.199000 2.900500 2.449000 1.601800 0.701500 0.199000 0.400500 
5.099500 0.349500 2.648200 0.099700 1.000000 1.199000 0.099500 0.750000 4.250000 0.250000 
0.099500 0.801000 2.150500 0.148200 0.150500 3.400500 1.849500 0.199200 0.500000 2.250000 
0.349500 0.400500 3.150500 1.301000 1.099500 0.250000 0.099700 0.701500 0.250000 0.601800 
0.300800 0.150500 0.449200 3.301000 0.550800 0.099500 0.201300 2.851800 0.349700 1.699000 
3.951500 0.650500 3.148200 1.051000 1.750000 0.351800 0.150300 0.099500 3.148200 1.750000 
0.099700 3.099500 0.500000 1.048700 0.849700 0.150300 0.500000 1.699200 0.800800 0.250000 
3.099700 0.650300 0.150300 0.150500 0.150500 0.298700 0.449000 0.351800 1.349500 4.000000 
0.150500 1.400500 2.699000 0.099700 1.849500 1.849700 0.599500 0.349500 0.400500 1.650500 
1.250000 0.250000 0.750000 0.099700 0.451500 3.099500 0.199200 0.199200 0.500000 0.601800 
0.599500 0.798500 0.798700 0.301000 0.900500 0.250000 0.349700 0.201500 0.650500 0.949000 
0.551000 1.851800 0.148200 0.400300 0.349700 0.500000 0.650500 1.650500 0.101800 4.400300 
1.699000 0.150500 0.148200 1.150500 0.551000 2.400500 3.400300 0.250000 0.099700 2.648200 
0.199000 0.349500 0.351800 0.250000 0.449000 1.050800 2.949000 0.199200 0.099500 11.148200 
0.150300 0.550800 0.148200 0.099500 2.048700 2.451300 0.599700 0.699000 0.250000 1.699000 
0.500000 1.150500 0.148200 1.148200 1.351800 0.099500 2.349500 0.150500 0.349700 3.349700 
0.298700 0.400500 0.099500 0.201500 0.849500 0.500000 0.551000 0.298500 4.398200 3.648200 
0.400500 0.449000 0.150500 4.400300 0.201500 0.099500 0.699200 0.150500 6.099500 1.550800 
0.699000 8.048700 0.150500 2.199000 0.101800 0.699000 0.449000 0.301000 3.599500 0.650500 
0.101800 0.750000 2.051000 2.400300 0.750000 0.500000 0.351800 0.800800 0.250000 2.298500 
0.150500 0.298500 0.301000 1.500000 3.449000 0.451500 4.548500 1.050800 4.849700 0.300800 
0.750000 1.099500 0.449000 0.201500 2.550800 0.150500 1.500000 2.650300 0.449000 0.650500 
0.298700 0.099500 0.750000 0.599500 4.099500 0.349500 0.949000 0.451300 0.250000 0.199000 
0.750000 0.298500 1.400500 0.199000 0.099700 0.201500 0.701300 0.750000 15.000000 0.548500 
0.451300 1.900500 0.150300 0.150500 0.150500 0.301000 0.451500 1.048500 2.701500 0.898200 
0.650300 0.400300 0.148200 0.199000 0.250000 0.398200 0.250000 0.351800 3.298700 7.250000 
1.199000 0.250000 0.349500 0.099500 2.199000 0.648200 0.400500 0.949000 0.849500 0.400500 
2.699200 1.349500 0.150500 0.699000 1.750000 0.349500 0.650500 0.599500 2.800800 1.400300 
1.648200 0.099500 0.150500 0.150500 2.300800 0.551000 0.551000 0.199200 0.349500 6.150500 
0.099700 0.099500 0.400500 1.199000 0.951300 0.951500 0.400500 0.099500 0.951500 0.201500 
0.201500 0.099500 0.400500 0.351800 0.199200 0.451500 1.699200 0.250000 0.400300 0.349500 
1.150500 0.150300 1.099700 0.849500 4.601800 0.150500 0.699000 0.449000 1.000000 0.099700 
0.199000 0.150500 0.250000 0.801000 7.449000 1.000000 0.199200 0.150500 0.148200 2.400500 
1.449200 0.250000 1.400500 1.150500 0.150500 1.351800 1.750000 0.801000 0.099500 8.650300 
0.199200 0.349500 1.650500 3.349500 0.150500 0.199000 3.849500 0.798700 0.849500 0.451300 
0.199200 1.400500 0.199000 0.201300 1.349500 0.150500 0.500000 0.298700 3.451300 0.099500 
0.099500 0.298500 0.699000 0.650300 2.500000 0.199000 2.250000 0.949000 0.201500 0.750000 
0.650500 3.601800 0.201300 0.099500 1.750000 0.199000 0.701500 0.150500 3.548500 0.148200 
0.551000 2.349500 1.349700 0.551000 0.750000 0.250000 0.400500 0.099500 1.500000 0.400500 
0.400300 1.051000 0.099700 0.300800 4.500000 3.150300 0.298700 0.150500 0.500000 0.150500 
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0.099700 0.150300 2.298700 0.400300 0.500000 0.548700 0.451500 0.849700 3.150300 5.398200 
0.349700 0.398200 6.900500 0.898200 0.500000 0.201300 0.150300 0.099500 0.650500 0.849500 
0.449000 0.250000 2.701300 3.701300 0.500000 0.301000 0.148200 0.300800 3.349500 0.500000 
0.898200 5.500000 6.349500 2.000000 0.099500 0.199000 0.099700 0.201500 3.400500 1.250000 
0.250000 0.349500 0.500000 4.301000 1.250000 0.150500 0.300800 0.701300 0.400500 0.349500 
5.199200 2.150500 0.750000 0.201300 0.648200 0.449000 0.349500 0.701300 0.250000 0.201500 
0.601800 1.250000 9.650500 2.750000 3.400500 1.000000 0.750000 0.801000 0.400500 2.000000 
0.298700 0.548700 1.699000 3.300800 2.900500 0.648200 0.099700 5.648200 2.048700 0.150500 
1.000000 1.650500 0.150300 2.301000 0.349500 0.599500 1.599700 0.551000 3.099500 3.798700 
1.699200 1.000000 5.349700 4.000000 0.099500 0.451300 0.099500 0.599500 0.300800 2.199000 
0.849500 1.150500 0.298500 0.500000 1.900500 0.750000 0.400500 0.101800 0.349500 1.548500 
0.400300 3.000000 3.798500 0.301000 0.500000 0.650300 0.849500 0.199000 7.048700 1.400300 
0.201300 1.150300 1.298500 1.849500 1.298500 0.648200 1.551000 0.898200 2.648200 0.701300 
1.298500 1.500000 0.951300 1.101800 0.099500 0.201300 1.451500 0.250000 3.199000 6.099700 
0.150500 1.099500 1.648200 0.900300 0.301000 9.601800 0.250000 2.551000 3.099700 2.701500 
0.301000 0.250000 0.750000 0.298500 0.449000 0.150500 0.298700 0.301000 5.750000 0.250000 
0.650500 4.949000 0.250000 0.849500 0.650500 0.099500 0.150300 0.250000 3.101800 2.099500 
0.449000 0.500000 0.250000 1.150500 0.451300 0.099500 1.000000 3.949200 10.949200 0.298500 
0.150500 1.798500 0.500000 0.201300 0.750000 0.500000 1.648200 0.150500 0.349500 1.550800 
0.601800 2.301000 0.101800 0.349500 5.201300 0.798500 3.099500 0.099500 0.849700 0.400500 
0.500000 1.898200 3.349700 0.199000 0.300800 0.949200 1.300800 0.099500 5.500000 0.851800 
0.148200 2.199000 0.400500 1.750000 0.798700 0.349500 1.400500 1.099500 0.449200 0.199200 
0.750000 0.798700 0.199200 1.650500 0.699000 0.199000 1.750000 0.150500 0.599500 2.500000 
1.000000 3.798500 2.900500 0.199000 1.148200 1.800800 3.750000 0.650300 0.701500 0.201300 
0.150500 0.900300 0.199200 1.201500 0.099500 4.449200 2.400500 0.349500 1.801000 0.148200 
0.150500 1.099500 3.849500 0.451300 0.300800 1.250000 0.199000 0.400500 0.551000 0.701300 
3.601800 0.099500 0.201500 0.250000 0.400500 2.099500 1.250000 0.500000 0.099500 0.250000 
0.601800 0.349500 2.949200 0.099500 0.250000 0.300800 1.051000 0.300800 0.599500 0.099500 
0.099500 0.199200 0.849700 3.900500 0.201500 1.199000 0.199200 1.000000 0.099500 0.400500 
0.548500 1.150500 0.150500 2.650500 1.849700 0.451300 2.250000 0.201300 0.400500 0.949000 
0.548700 0.898200 0.900500 6.750000 0.099500 1.150500 2.000000 0.148200 0.400500 1.099500 
0.148200 1.900500 0.298500 2.699200 0.099500 1.699000 0.199000 7.849500 0.701500 0.500000 
0.800800 0.250000 0.148200 6.648200 1.201500 5.500000 6.400300 0.699000 0.148200 0.150500 
3.849500 2.500000 2.699000 0.150500 1.048700 0.099500 0.500000 6.701500 1.349500 0.801000 
1.250000 1.701500 1.599500 3.349500 0.199200 0.300800 1.301000 2.099500 1.051000 0.199200 
0.699000 6.849500 4.099500 0.648200 0.599500 0.199200 0.250000 3.250000 0.099500 0.099500 
0.250000 4.449200 1.250000 0.701300 2.150500 0.301000 1.099500 2.250000 0.798700 0.201300 
0.898200 3.099700 1.900500 0.400500 0.349500 1.500000 4.650500 1.750000 1.599500 0.548500 
9.701500 0.201500 2.599500 0.099700 0.101800 1.851800 0.949200 0.301000 5.199200 0.150300 
0.250000 0.449000 1.449000 0.099700 0.349500 1.099500 0.400500 3.351800 0.849500 0.201300 
1.050800 0.201500 1.349700 0.199200 2.500000 0.101800 0.250000 1.099500 3.099700 0.650500 
1.150300 1.201300 0.199000 0.400500 0.451500 0.201300 6.750000 1.048700 0.398200 2.150500 
0.500000 0.150500 0.351800 0.551000 1.449200 1.500000 5.349500 3.500000 0.701500 0.398200 
0.201500 0.451300 0.099500 1.099700 1.451500 0.250000 0.801000 0.349500 1.951300 1.250000 
0.150300 1.650300 1.548500 0.199200 0.150500 0.099700 5.750000 0.750000 1.900500 0.650300 
0.199000 1.349500 0.449000 0.500000 1.900300 0.199000 2.099500 0.500000 3.650500 1.551000 
0.298700 0.101800 0.701500 0.250000 0.301000 5.500000 0.150500 0.201300 3.000000 0.250000 
0.548700 3.798700 0.150500 0.099500 0.099500 1.148200 3.599700 9.449000 1.548700 0.300800 
5.798700 3.250000 0.500000 0.201500 0.400500 0.199000 1.601800 2.349500 1.648200 0.400500 
0.900500 0.201500 0.150300 0.199000 0.099500 1.301000 0.199000 0.099500 0.900300 0.099500 
0.201500 0.099500 0.250000 0.150500 0.099700 1.199000 0.550800 7.898200 1.349500 0.150500 
0.551000 0.449000 0.099500 0.148200 1.000000 0.449000 0.750000 0.250000 0.849500 0.349500 
3.548700 7.449000 0.301000 1.048700 0.500000 1.301000 0.699000 16.500000 1.250000 0.150500 
0.101800 1.298500 1.451300 0.500000 0.150500 2.701300 3.201300 0.150500 0.099500 1.000000 
0.349500 5.851800 1.551000 0.650300 0.201500 0.500000 0.798700 0.849500 2.101800 1.449000 
7. Appendix 
                                                                                                                                       123 
D      Open times of TRPM8 at Vpatch = 60 mV after 0.1 M icilin, part XII 
 
0.101800 2.301000 4.201500 3.050800 0.150500 0.250000 0.500000 1.148200 2.349500 0.250000 
0.099500 0.298700 0.400300 0.349500 0.101800 1.298500 1.048700 1.798500 0.400500 0.199000 
2.701300 1.349500 0.199000 1.551000 0.949000 1.951300 0.099500 0.449000 3.548500 1.150300 
0.150500 1.050800 0.798500 0.599700 0.099500 1.601800 0.201300 0.400500 1.099500 0.349500 
1.099500 0.500000 0.601800 0.701300 1.099500 5.500000 1.750000 3.400500 3.250000 0.701500 
0.451500 0.400300 0.599500 1.000000 0.750000 0.199000 0.201500 0.750000 0.599500 1.701300 
1.349700 0.699200 2.451500 0.099500 0.500000 1.400500 0.099500 1.500000 0.500000 1.451300 
0.349500 3.150500 2.300800 0.599500 0.201500 0.349500 0.398200 0.849500 0.400500 4.599500 
0.199200 2.349700 0.551000 1.449200 1.949200 1.750000 0.201300 0.301000 1.099500 3.000000 
2.099500 0.349700 0.349500 0.599500 0.951500 0.648200 0.250000 3.801000 0.400500 0.150500 
1.601800 1.099500 0.951300 0.101800 0.250000 0.250000 0.099700 0.750000 0.150500 0.099500 
0.298700 0.349500 0.898200 8.650500 2.349500 2.051000 6.050800 6.201300 0.101800 0.099500 
1.750000 1.349500 2.300800 0.650300 1.050800 2.048500 0.451300 0.148200 0.150500 1.949200 
0.550800 0.500000 2.949200 0.900300 3.548500 0.099700 1.099500 0.550800 0.150500 1.050800 
0.400500 0.500000 0.601800 1.101800 0.250000 0.750000 1.101800 1.150500 0.951500 0.199000 
0.298700 0.849700 0.849500 1.000000 4.599700 0.900500 0.648200 0.300800 0.250000 0.099500 
0.250000 0.150500 0.101800 1.898200 1.000000 0.650300 0.298700 0.451500 1.400500 4.500000 
0.551000 0.699000 0.400500 0.150500 2.750000 2.250000 0.099700 0.250000 1.750000 0.148200 
0.451500 0.250000 0.101800 0.201300 2.648200 1.201300 1.199000 0.099500 0.099500 0.400300 
0.199000 0.949000 0.400500 0.599500 0.951300 1.099500 1.451300 0.099700 0.301000 1.750000 
6.051000 1.000000 0.150500 0.599500 3.699000 0.099500 0.650500 0.449000 1.548700 1.500000 
1.099500 1.250000 0.301000 0.650500 0.349500 1.349500 0.449000 0.301000 1.900500 0.250000 
0.199000 1.051000 0.449000 1.551000 4.449200 3.050800 0.551000 0.099700 2.250000 2.349500 
0.150500 0.599500 0.400300 1.050800 0.599700 0.500000 1.949000 0.449200 0.849500 0.150500 
1.701300 4.798700 1.449000 3.900500 0.101800 0.349700 2.298700 0.500000 0.451500 0.099500 
0.500000 3.351800 0.201500 0.250000 0.400500 1.551000 0.099500 0.250000 3.000000 0.099700 
1.650500 1.500000 1.449000 0.099500 4.000000 0.601800 1.201300 1.201300 0.699200 1.550800 
0.849700 0.101800 0.250000 0.349500 7.400500 0.548500 1.949200 0.500000 5.298500 0.599500 
0.500000 1.000000 2.548500 0.301000 5.351800 0.650500 1.949000 1.398200 1.500000 0.349700 
1.099500 0.199200 0.750000 0.949200 1.500000 0.599500 0.148200 0.099500 0.449000 0.550800 
0.548500 0.199000 0.398200 1.551000 0.750000 0.099700 1.949000 0.250000 0.601800 2.150500 
9.000000 0.349700 1.648200 0.400500 0.699000 0.099500 0.301000 0.300800 1.449200 0.400500 
0.199200 0.099500 1.099500 0.451500 0.199200 0.101800 1.150500 1.650500 1.099500 2.298500 
0.349500 0.451500 1.250000 0.701300 0.900500 0.449200 2.849500 0.548700 0.349500 0.648200 
0.099500 0.701500 0.500000 0.500000 0.351800 0.298500 0.250000 0.949000 0.400500 0.150300 
0.099700 0.099500 1.500000 0.951500 1.900500 2.150500 0.150500 1.150500 4.150500 0.101800 
0.199000 0.301000 2.951500 0.599500 0.500000 0.099500 0.750000 1.301000 2.500000 1.500000 
0.548700 0.199000 5.949200 1.849700 0.250000 1.000000 0.099700 0.150500 0.201300 0.250000 
0.849500 0.250000 4.101800 0.099700 0.548500 0.451500 0.951500 0.199000 0.400300 0.650500 
0.101800 0.500000 0.199000 1.150500 0.599700 0.951300 1.201500 0.601800 4.000000 0.099500 
0.601800 0.849500 0.699200 0.750000 0.900500 0.801000 1.250000 1.201300 2.601800 0.298500 
0.349500 0.099500 0.849500 2.650500 0.750000 2.650500 0.500000 0.601800 2.250000 0.900300 
0.849700 1.400500 0.301000 0.451500 1.449000 0.701300 0.500000 0.451500 1.250000 0.798700 
0.199000 0.199000 0.349500 7.398200 0.099500 0.150500 0.400300 0.250000 1.650500 0.201300 
1.199200 2.951300 1.099500 0.349700 0.301000 0.201500 0.750000 0.400500 0.449000 0.500000 
0.900500 0.599700 0.298500 1.150500 0.199000 0.099500 0.798500 0.400300 0.099700 0.101800 
0.349500 0.349500 2.500000 1.051000 0.150500 0.500000 0.201300 0.951300 2.051000 1.801000 
1.250000 1.250000 0.599500 2.701500 0.949000 0.349500 0.298500 0.400500 0.451500 0.150500 
0.148200 1.898200 0.900500 0.500000 0.800800 0.300800 1.050800 0.798700 0.150500 0.599500 
0.650300 2.701500 1.351800 1.150300 1.650300 2.051000 1.400500 0.099500 0.150500 0.301000 
0.599700 1.400500 0.201300 0.099500 0.699000 0.599500 0.250000 0.349500 0.548700 0.451500 
0.148200 2.449200 3.099500 1.199200 0.298500 0.201500 0.148200 0.750000 0.099500 0.599500 
0.650500 0.650500 0.349500 0.551000 0.551000 0.349500 0.801000 1.298700 0.900500 1.400500 
5.398200 0.300800 0.500000 0.750000 3.150500 3.548500 0.351800 0.349500 0.449200 0.101800 
0.099500 1.051000 0.250000 2.000000 0.199200 0.351800 3.798500 0.451500 0.451300 2.449000 
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0.150500 0.349500 4.000000 0.250000 0.750000 1.851800 0.099700 2.050800 0.250000 0.250000 
2.548700 0.099500 0.101800 0.099500 0.201500 0.699000 1.551000 0.349500 0.250000 2.000000 
1.099500 0.548500 2.701500 0.199000 0.551000 0.701500 1.150500 0.699200 0.101800 1.750000 
0.949000 0.400500 1.150500 0.250000 0.701500 1.900500 0.400500 0.150500 0.199000 0.201300 
1.099500 0.250000 1.250000 0.599700 1.250000 1.051000 0.150500 1.250000 0.101800 6.199200 
0.650500 0.199200 1.349500 0.550800 0.451500 0.900300 0.250000 1.199000 0.099500 0.349500 
0.500000 0.199000 0.750000 0.800800 0.101800 1.599700 1.201500 1.250000 0.099500 0.101800 
0.301000 0.250000 1.750000 0.250000 1.650500 4.500000 1.400300 0.150300 3.150500 12.201300 
0.099500 0.301000 4.800800 0.349500 0.949000 0.298500 0.400300 0.599500 0.951300 2.949200 
0.099700 0.150500 0.148200 2.201300 0.351800 0.150500 4.500000 0.750000 0.099500 2.000000 
0.900500 0.301000 0.451300 0.849500 0.750000 1.099500 2.599500 0.099500 0.150300 0.201500 
0.250000 1.449000 0.599500 5.199000 0.099500 4.599500 1.298500 1.250000 7.400500 0.400500 
0.250000 0.150500 0.699200 0.500000 1.199000 0.951500 0.599500 0.099700 2.300800 1.801000 
0.150500 0.750000 0.099700 0.599500 0.101800 3.300800 0.849500 0.199000 1.500000 1.701500 
0.351800 0.250000 0.349500 0.599500 0.199200 1.051000 3.250000 1.601800 4.150500 0.150300 
0.298700 0.099500 0.500000 4.000000 0.201500 2.900500 0.500000 0.548700 0.949000 0.150500 
0.650500 0.150500 1.398200 1.099500 0.849500 0.199200 0.599700 0.349500 8.201500 0.201300 
0.849700 0.250000 0.451500 2.801000 0.199200 9.099700 11.898200 0.500000 1.398200 0.150300 
0.351800 0.250000 1.949200 3.849500 1.798500 1.000000 0.250000 0.551000 0.400500 0.300800 
12.599500 0.101800 1.199000 8.051000 0.648200 7.099700 0.449200 0.449000 0.199000 3.650500 
3.650300 0.148200 0.349700 10.798500 0.548700 0.900500 0.099500 0.301000 2.099500 4.500000 
0.150500 0.298500 0.451300 0.150500 5.548700 0.250000 0.099500 0.551000 0.400300 0.798700 
0.250000 0.551000 0.650300 6.150500 0.550800 0.701300 0.150500 1.099500 2.150300 1.500000 
0.449200 0.500000 0.951500 0.099500 0.099700 0.500000 0.800800 0.750000 0.400300 5.051000 
0.250000 0.801000 0.451300 0.400300 0.150300 2.300800 0.099500 0.250000 1.650300 0.099500 
0.351800 1.750000 1.898200 9.949200 1.551000 10.750000 0.851800 0.199000 0.201300 0.099500 
0.449000 1.951500 0.298700 0.201500 0.400300 1.648200 0.250000 1.451300 1.500000 0.500000 
0.101800 1.150500 0.449000 6.650500 1.298700 1.451300 6.199200 0.150500 2.000000 5.900500 
0.300800 0.099500 0.699200 0.648200 0.798500 1.701300 6.449000 0.099700 3.300800 0.451500 
0.250000 0.851800 0.201500 3.048500 0.500000 0.599700 4.900300 0.750000 1.349500 0.250000 
0.099700 4.250000 2.048700 1.750000 0.199000 1.250000 0.099500 0.298700 0.201300 2.301000 
0.301000 0.949000 2.550800 0.099500 0.349500 2.048500 1.301000 0.500000 1.449000 3.849500 
0.099500 1.500000 0.898200 0.101800 0.599500 2.650300 0.500000 0.451300 0.199200 4.599500 
1.351800 0.099500 0.099500 0.750000 2.449000 2.500000 0.199200 0.851800 14.000000 5.250000 
0.500000 2.349500 0.148200 1.048700 1.900300 0.349500 1.000000 1.150500 1.750000 0.750000 
0.650300 0.798500 0.250000 0.199000 1.650500 0.650300 0.099700 0.099500 1.750000 4.349500 
0.349500 0.199000 0.250000 0.500000 0.250000 0.400500 0.551000 0.250000 1.599500 0.250000 
0.648200 1.750000 0.301000 0.801000 1.099500 0.449000 0.750000 0.851800 4.750000 2.951300 
0.449000 0.201300 1.750000 0.500000 0.699200 0.148200 1.101800 0.199200 0.349500 0.099500 
3.500000 4.199200 0.551000 0.351800 0.148200 0.150500 3.150300 0.148200 0.500000 0.301000 
0.548700 0.150500 0.099500 0.400300 0.099500 5.900500 1.451300 0.099500 2.449000 0.349500 
2.199000 0.349700 0.150500 3.150300 0.548500 7.099500 0.201500 0.099500 3.750000 4.199200 
0.099500 4.349500 4.099500 1.301000 0.150500 5.048700 2.199000 1.951300 2.250000 5.051000 
1.699000 0.801000 1.101800 1.849500 0.400500 0.199000 2.000000 0.298700 10.451300 0.849500 
1.000000 2.451300 0.349700 0.898200 0.351800 1.099500 0.398200 6.849500 8.750000 0.250000 
0.250000 0.400500 2.201500 0.300800 1.750000 1.750000 0.400500 3.699000 1.548700 8.599500 
0.349700 1.650500 0.301000 2.900300 3.051000 0.150500 2.500000 0.599500 0.250000 1.101800 
0.500000 0.500000 0.201500 0.451300 0.400500 0.201300 0.150300 1.449200 0.201500 0.101800 
2.099500 0.150300 0.250000 0.150500 6.000000 0.898200 1.048500 1.849500 1.699200 0.701300 
0.400500 0.650500 0.699200 0.101800 0.599500 1.449000 0.349500 0.951300 1.000000 0.301000 
0.551000 0.601800 1.500000 4.849500 0.150500 0.199000 0.301000 0.150500 0.099700 0.398200 
0.150500 1.298700 0.650500 0.949000 0.150500 0.599500 0.500000 1.500000 1.250000 0.099700 
0.550800 0.349500 1.099700 1.849500 0.201500 3.051000 0.650500 0.599500 2.150500 0.250000 
0.400500 1.250000 0.099500 1.701300 1.900500 1.949000 0.301000 1.300800 1.599700 7.551000 
0.201300 1.801000 0.150500 2.349700 4.150500 1.550800 0.599500 0.250000 5.951500 0.349500 
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0.099500 0.250000 3.150500 1.599500 0.150500 1.150500 2.099700 1.849500 
18.851801 0.699000 0.148200 0.599500 0.250000 4.650500 0.298500 0.101800 
0.099700 0.548700 0.199000 0.500000 0.851800 3.099500 0.451300 0.798500 
2.900500 2.349500 0.148200 0.250000 0.750000 0.150500 0.150500 0.500000 
8.849500 5.150500 0.199000 0.699200 0.250000 0.801000 0.701300 3.750000 
1.250000 0.449000 2.650500 0.148200 0.250000 1.900500 1.648200  
1.701300 1.551000 1.900500 0.099500 0.101800 1.599700 0.400500  
1.099700 0.500000 2.250000 0.101800 4.000000 0.099500 0.099700  
0.500000 0.099500 0.099500 0.099500 0.599700 1.900300 1.551000  
0.101800 0.298500 0.250000 0.150500 0.250000 0.849500 1.250000  
0.301000 1.048700 0.300800 0.099500 0.750000 0.599700 0.150300  
0.099500 0.099500 0.201300 0.150500 0.101800 0.398200 0.148200  
0.449000 0.099500 0.949000 1.150300 0.150500 0.849500 0.150500  
0.250000 2.400500 0.250000 0.601800 0.898200 0.099500 0.101800  
0.949200 0.250000 0.150500 0.199000 0.099500 0.199000 0.400300  
0.298700 0.500000 1.000000 1.201300 0.301000 0.601800 0.099500  
0.349500 0.349700 0.250000 0.099500 1.000000 0.849500 0.099500  
0.101800 0.099500 0.150500 0.150500 0.650500 0.551000 0.150300  
4.599500 1.449000 0.900500 0.548700 0.099500 0.548500 0.199000  
1.750000 0.398200 0.150500 0.199000 0.900500 0.150500 0.150500  
1.449000 0.949000 2.701300 0.900500 0.599500 0.400500 0.199000  
0.551000 0.800800 0.500000 0.451500 0.798500 0.150500 0.150500  
0.750000 1.451500 0.349500 2.750000 0.250000 0.099700 0.849500  
0.250000 1.548700 0.849500 0.349500 0.301000 0.099500 0.500000  
2.599500 9.798500 0.951300 0.400500 0.199000 0.699000 1.449000  
0.298700 1.601800 0.301000 0.750000 0.449200 0.300800 0.099500  
0.099500 0.099500 0.449000 0.150500 0.101800 0.900300 1.300800  
0.201500 0.801000 0.199000 0.351800 0.150300 0.150500 0.199200  
1.351800 1.051000 0.701500 0.199000 0.150500 0.250000 1.801000  
3.099500 0.701500 0.150500 0.150500 0.199200 1.449000 0.298700  
0.201500 0.250000 0.201300 0.801000 0.250000 0.099700 0.250000  
0.500000 0.199200 1.150500 0.199000 0.301000 0.298700 0.301000  
0.301000 0.150300 0.400500 0.301000 0.250000 0.201500 0.199000  
1.750000 0.599500 2.601800 0.548700 0.451500 0.099700 0.201300  
1.201500 0.650500 1.701300 0.301000 0.199000 0.449000 0.150500  
2.000000 0.150500 1.301000 0.701300 0.349700 0.150300 1.500000  
0.298700 0.548500 0.250000 0.148200 0.199200 3.099500 2.051000  
1.150500 0.099500 0.150500 1.000000 0.648200 0.548700 0.701300  
1.000000 0.150500 0.451500 1.048500 0.298500 0.599500 2.750000  
1.701500 0.951500 0.199000 0.548700 0.250000 0.101800 2.000000  
3.701500 0.099500 0.150300 0.750000 0.150500 0.550800 1.000000  
0.449000 1.199000 0.400500 0.099700 1.301000 0.150500 0.150500  
0.398200 0.199000 0.099700 0.349500 0.298500 0.650500 0.449000  
0.298500 2.000000 0.250000 0.349700 0.099500 0.750000 0.949000  
0.101800 0.349700 0.298500 0.250000 1.398200 2.300800 0.798700  
0.301000 0.349500 0.400300 0.199200 1.000000 2.599500 0.099700  
0.099700 0.250000 0.099500 0.101800 0.298700 0.548500 0.099500  
0.199000 1.250000 0.400300 0.101800 0.500000 0.750000 0.099700  
0.099700 0.099700 0.400500 0.400500 0.900300 0.199200 0.150500  
0.551000 0.699000 0.900300 0.150300 0.798700 0.250000 0.150300  
0.451300 3.099500 0.449200 0.199200 0.099500 0.750000 4.000000  
0.449200 0.199200 0.451500 0.150500 0.099500 0.551000 0.150500  
0.099500 0.250000 1.099500 0.099500 0.550800 0.601800 2.500000  
0.550800 0.851800 0.648200 0.099500 0.150300 1.650500 0.500000  
0.150300 0.298500 0.351800 0.201500 0.301000 0.300800 0.500000  
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         configuration 
 
 
An overview of experiments under varying ionic conditions is depicted in the following 
table. The first solution given is pipette solution, the second solution is bath solution. 
 
 
 
 
 
 
 
 
 
 DVF / P10 DVF/ P10* BP1/ P10 BP1 / P10* 
n= tpeak  (s) 
 
Ipeak 
(pA) 
 
tpeak  
(s) 
 
Ipeak 
(pA) 
 
tpeak  
(s) 
 
Ipeak 
(pA) 
 
tpeak  
(s) 
 
Ipeak 
(pA) 
 
1 3 14 2 10 22 18 32 14 
2 2 17 14 90 5 17 14 17 
3 2 38 -- -- -- -- 70 5 
4 3 15 -- -- -- -- -- -- 
5 4 17 -- -- -- -- -- -- 
6 2 74 -- -- -- -- -- -- 
7 2 15 -- -- -- -- -- -- 
8 3 18 -- -- -- -- -- -- 
9 2 70 -- -- -- -- -- -- 
10 7 35 -- -- -- -- -- -- 
Mean 
± SEM 3±1 31±7 8±6 50±40 14±9 18±1 38±17 12±4 
   
 
